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ABSTRAa 
Medicinal plants have been used since the inception of civilization but 
human influence on natural ecosystems, over-exploitation, habitat destruction 
and unsustainable harvesting coupled with illegal trade practices have driven 
many medicinal plant species to the brink of extinction. Biotechnological 
approaches supports to ex situ conservation programmes, besides 
complementing conventional methods, have the potential to broaden the 
genetic base in species demanding high priority. Tissue culture techniques have 
play a vital role for large scale production of either genetically true to type 
genotypes of superior planting material or by producing planting stock for 
endangered and commercial species where limitation is in their large scale 
propagation. 
The objectives of the present study was to develop an efficient and rapid 
in vitro propagation protocols of two medicinally and aromatically important 
plants species viz., Mucuna pruriens and Ocimum basilicum using tissue culture 
techniques. Changes in photosynthetic parameters and antioxidative enzymes 
were also measured during the ex vitro acclimatization of micropropagated 
plantlets. 
6.1. Mucuna prur/ensL. (DC.) 
IVIucuna pruriens (Fabaceae) commonly known as velvet bean is an 
important tropical legume found in bushes and hedges at damp places, ravines 
and scrap jungles throughout the plain of India. All parts of M. pruriens possess 
valuable medicinal properties. Roots are useful to relieve constipation, dropsy, 
ulcers and fever. The report on the occurrence of the catecholic amino acid 3-
(3,4-dihydroxy phenyl)-l-alanine (L-Dopa) attracted attention for utilization of 
the plant for L-Dopa production. L-Dopa, a neurotransmitter precursor, has 
found wide application for symptomatic relief of Parkinson's disease and mental 
disorder. 
In nature, this species propagate only through seeds. However, 
propagation via seed poses problems due to high allergic properties of pods 
that cause uncontrolled itching while handling the seeds, and low germinability 
with poor viability. Thus, conventional propagation through seeds is not an 
adequate solution to meet the demand for this plant. Germination percentage 
was significantly enhanced (82.5%) under in vitro conditions on half strength MS 
basal medium. Addition of GA3 could not improve the germination percentage 
(Data not shown). 
Direct multiple shoot regeneration was achieved from cotyledonary node 
(CN) and nodal segment explants cultured on BA, Kin, TDZ and 2-iP either alone 
or in combination with auxins (lAA and NAA). CN and nodal explants were 
excised from 7 and 15 days old aseptic seedlings, respectively. Among the 
different concentration of cytokinins tested, BA (5.0 pM) showed the highest 
shoot regeneration frequency (81%) and number of shoots (8.5 ± 0.57) from 
nodal explants after 4 weeks of culture. Superiority of BA over other cytokinins 
was observed. Addition of NAA (0.5 pM) enhanced the shoot regeneration and 
MS medium supplemented with BA (5.0 pM) and NAA (0.5 pM) produced the 
highest frequency of shoot regeneration (91%), highest number (16.8 ± 1.50) 
and longest shoots (5.3 ± 0.32 cm) from nodal explants. 
The effect of thidiazuron (TDZ) was also investigated on multiple shoot 
induction from both CN and nodal explants. The highest shoot regeneration 
frequency (77%) and number of shoots (5.7 ± 0.28) with 3.4 ± 0.43 cm shoot 
length was recorded on MS medium amended with 0.8 pM TDZ from nodal 
explants after 4 weeks of culture. However, the cultures grown continuously on 
TDZ containing media formed fasciated and distorted shoots. Therefore, the 
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shoots induced from TDZ were subcultured on TDZ free MS medium. The 
number of shoots and shoot length increased after every subculture passage 
and showed no sign of decline even after fifth passage. 
Nodal explants were also cultured on liquid MS medium containing TDZ 
at higher concentrations for different durations followed by their transfer to 
semi solid MS basal medium. The optimal level of TDZ supplementation to the 
culture medium was 50 |JM for 8 days induction period followed by their 
transfer to MS semisolid medium devoid of TDZ where maximum regeneration 
frequency (80%), number of shoots (12.0 ± 1.76) and shoot length (4.6 ± 0.43 
cm) per explant was recorded. 
The effect of different basal medium (MS, ViMS; B5, YiBs, L2 and /2L2) and 
different pH levels (4.5, 5.0, 5.4, 5.8, 6.2 and 6.5) was also examined with 
optimal concentration of BA (5.0 nM) and NAA (0.5 |iM). The half strength MS 
medium and 5.8 pH was found to be most suitable for maximum shoot 
induction and proliferation as it produced 23.3 ± 1.50 shoots per explant with 
maximum shoot length of 6.2 ± 0.37 cm from nodal explants after 8 weeks of 
culture. 
The in vitro regenerated shoots produced roots when transferred to full, 
half and half strength MS medium supplemented with different concentrations 
of lAA, IBA and NAA. The best condition for rooting was half strength MS 
medium supplemented with 2.0 {iM IBA. Rooting was also carried out by ex vitro 
method. The best results for rooting was recorded when shoots were dipped in 
IBA (200 |iM) as it gave the maximum frequency of rooting (84%), number of 
roots (5.4 ± 0.51) and root length (4.6 ± 0.40 cm) after 4 weeks of 
transplantation. The in vitro raised plantlets with well developed shoots and 
roots were successfully acclimatized in plastic pots filled with sterile soilrite with 
100% survival rate and about 90% plantlets survived in greenhouse. 
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Changes in photosynthetic parameters viz., chlorophyll a, b, carotenoid 
and net photosynthetic rate and antioxidative enzynnes i.e. superoxide 
dismutase (SOD) and catalase were evaluated at 0 (control), 7, 14, 21 and 28 
days of acclimatization. Content of Chi a and b showed an increasing trend 
whereas carotenoid and net photosynthetic rate were first decreased and 
subsequently increased thereafter. SOD activity was increased significantly at 
day 7 over control plantlets and thereafter showed a decreasing trend whereas 
catalase activity increased during the whole experiment compared to control 
plants. 
6.2. Ocimum basilicum L. 
Ocimum basilicum (Lamiaceae) commonly known as sweet basil is an 
evergreen multipurpose herb. In tropical countries, it is often cultivated in 
homestead gardens and as a pot plant in many countries. It contains volatile oil 
with eugenol, methyl eugenol, cervacrol and caryophyllin. Dried leaves of basil 
are used to flavour stew, sauces, salads, soups, meat and tea. Ocimum is used 
as stomachic, antihelminthic, antipyretic, diaphoretic, expectorant, carminative, 
stimulant and pectoral. It is also used in the bronchitis, hiccough and diseases of 
heart and brain. The conventional method for propagation is via seeds. 
However, poor germination potential restricts its multiplication and seedling 
progeny show variability as a result of cross pollinated nature of plant. 
Direct multiple shoot regeneration was achieved from nodal and shoot 
tip explants excised from 2 year old mature plants. Among the cytokinins (BA, 
TDZ, Kin and 2-iP) tested as supplements to MS medium, 5.0 piM BA was 
optimum in inducing bud break in both nodal and shoot tip explants. The 
highest rate of shoot multiplication (16.4 ± 1.47) was achieved on MS medium 
supplemented with reduced concentration of BA (2.5 piM) and lAA (0.5 \iM) 
from nodal segments after 8 weeks of culture. 
The shoots regenerated from TDZ supplemented medium when 
subcultured to TDZ free MS medium considerably increased the number of 
shoots and shoot length by the end of third subculture. Pretreatment of nodal 
segment and shoot tip explants to higher concentration of TDZ for different 
duration was found beneficial and a maximum of 14.8 ± 1.24 shoots with 5.3 ± 
0.32 cm shoot length was recorded on MS medium supplemented with 50 \xM 
TDZ for 8 days followed by their transfer to MS basal medium for 8 weeks. 
The effect of different basal media (MS, YiMS; B5,3465; Ljand Vili) and pH 
levels (4.5, 5.0, 5.4, 5.8, 6.2 and 6.5) was also evaluated with optimal 
concentration of BA (2.5 piM) + lAA (0.5 |iM) for highest shoot proliferation and 
elongation. The maximum shoot multiplication and shoot length was achieved 
in half strength MS medium at pH 5.8. 
Efficient in vitro rooting was achieved on MS medium supplemented with 
1.0 nM IBA than in lAA or NAA. To reduce the regeneration cost and time, 
rooting ex vitro was also carried out by dipping the basal portion of in vitro 
regenerated shoots in IBA (50-300 nM) for half an hour and subsequently 
planted in plastic pots containing sterile soilrite. The best results for rooting was 
recorded when shoots were dipped in IBA (150 nM) after 4 weeks of 
transplantation. In vitro and ex vitro rooted plantlets were successfully 
hardened off inside the growth room in soilrite with 95% survival rate followed 
by their transfer to greenhouse where all exhibited normal development. 
Syn-seeds of O. basilicum were developed by encapsulation of nodal 
segments excised from in vitro cultures to calcium alginate hydrogel. The 
presence of 3% sodium alginate and 75 mM CaCl2.2H20 were found most 
suitable for synthetic seed production. Half strength MS medium supplemented 
with BA (5.0 |iM) and lAA (0.5 |iM) gave the maximum frequency (80%) of 
conversion of encapsulated nodal segments into plantlets with maximum of 7.9 
± 0.54 shoots after 8 weeks. However, roots were very thin and difficult to 
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handle. Encapsulated nodal segments demonstrated successful regeneration 
after different period (1-6 weeks) of cold storage at 4 "C. The synthetic seeds 
stored at 4 °C for a period of 4 weeks resulted In maximum conversion 
frequency (90%) after 8 weeks when placed back to regeneration medium. The 
Isolated shoots when cultured on MS medium supplemented with 1.0 piM IBA, 
produced healthy roots and plantlets with well developed shoot and roots were 
successfully hardened off In plastic pots containing sterile sollrite inside the 
growth chamber and gradually transferred to greenhouse where they grew well. 
Physiological parameters i.e. Chi a, b, carotenoid and net photosynthetic 
rate were measured In leaves during ex vitro acclimatization at 0, 7, 14, 21 and 
28 days. During Initial days, these parameters showed a decreasing trend but 
subsequently Increased after 7 days of acclimatization. However, activities of 
antloxidatlve enzymes I.e. SOD and catalase were significantly increased and 
reached maximum at 28 days of acclimatization. 
The findings of my Investigation lead to the following conclusions: 
1. Seeds of M. pruriens germinated well on MS basal medium but half strength MS 
medium proved effective for maximum germination. 
2. Direct multiple shoot formation In M. pruriens was achieved from cotyledonary 
node and nodal segment explants using cytokinins (BA, Kin, 2-iP and TDZ) either 
alone or In combination with auxins (lAA and NAA). 
3. Maximum frequency of shoot regeneration was obtained on half strength MS 
medium supplemented with BA (5.0 piM) and NAA (0.5 \xM) at pH 5.8 from 
nodal segment. 
4. Half strength MS medium supplemented with IBA (2.0 |iM) showed best 
rhizogenesis In M. pruriens. 
5. Direct shoot regeneration in 0. basilicunn was achieved through mature explants 
(nodal and shoot tip) using cytokinins singly or in combination with auxins. 
6. Maximum shoot multiplication was recorded in O. basilicum on half strength MS 
medium supplemented with BA (2.5 nM) + lAA (0.5 \xM) from nodal explants at 
pH 5.8. 
7. Nodal explants of both M. pruriens and O. basilicum pretreated with 50 piM TDZ 
for 8 days followed by their transfer to MS basal medium devoid of TDZ was 
found effective for multiple shoot induction. 
8. Rooting was best induced in O. basilicum on MS medium amended with 1.0 piM 
IBA. 
9. The in vitro regenerated plantlets of M. pruriens and O. basilicum were 
successfully hardened off in soilrite followed by their transfer to garden soil 
under full sun. 
10. Encapsulated nodal segments of O. basilicum showed maximum conversion 
frequency on half strength MS medium containing BA (5.0 piM) + lAA (0.5 |iM) 
and retain their viability even after 4 weeks of storage at 4 °C. 
11. Changes in photosynthetic pigments and antioxidative enzymes in both M. 
pruriens and O. basilicum indicated the adaptation of micropropagated plants to 
ex vitro conditions. 
To conclude, I could achieve success in developing an efficient, replicable 
and complete micropropagation protocols for in vitro regeneration of two 
valuable medicinal plants, M. pruriens and O. basilicum. Changes observed in 
physiological and biochemical parameters during acclimatization has helped to 
understand better adaptation process of micropropagated plants to ex vitro 
conditions. The protocols developed could provide a rapid technique for mass 
propagation and multiplication of these two potential medicinal plants and can 
further be used in crop improvement using genetic transformation technology. 
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Chapter - 1 
INTRODUCTION 
Plants have been major contributors to human welfare from the dawn of 
civilization. Directly or indirectly, they support the livelihood of every person on 
the earth. Mankind is always dependent mainly on plants for natural products 
of food, pharmaceutical, industrial and aesthetic importance. Biological diversity 
or Biodiversity means the variability among living organisms from all sources 
including interalia, terrestrial, marine and other aquatic ecosystems and the 
ecological complexes of which they are part. According to Anonymous (1992) 
"Biodiversity is the natural biological capital of the earth". It provides the basic 
biotic resource that sustains the human race. The expansion of human 
population and alteration of natural environment has resulted in biodiversity 
being reduced to its lowest level. The world's biodiversity is declining at an 
unprecedented rate. During the period 1996-2004, a total of 8321 plant species 
were added to the International Union for the Conservation of Nature and 
Natural Resources (lUCN) Red list of threatened species (lUCN 2004). The main 
purpose of lUCN Red list is to catalogue and highlight those taxa that are facing 
a higher risk of global extinction. 
The concern for conservation of biodiversity at global level figured for the 
first time in the UN conference on the human environment held in Stockholm in 
1972. The UNEP identified conservation as a priority area in 1972. It was only in 
1980 onwards that systematic and concentrated efforts to look at biodiversity 
conservation profile at international level started with the constitution of an AD 
hoc working group of experts on biological diversity by UNEP in 1987. 
Plants are considered to be medicinal, if they possess pharmacological 
activities of possible therapeutic use. They are an important source of 
medicines and play a key role in world health (Constable 1990). The use of 
plants as medicine antedates history. Herbal medicine represents probably the 
first and certainly the oldest system of human health care. Almost all 
civilizations and cultures have employed plants in the treatment of human 
sickness. About 7000 different species of plants have been reported to be used 
for medicinal purposes in India in various systems of medicine viz., Ayurveda, 
Siddha and Unani. A large number of medicine and drugs of wide application 
prepared from medicinal plant sources are in circulation in the allopathic 
system. Besides the ayurvedic system, the largest number of medicinal and 
aromatic plants is utilized in the preparation of homeopathic medicines. In 
some systems, leaf, bark, stem, root bark, root, flower and fruits have been 
separately used for medicines but in some cases, the whole plant with root, 
leaves, flowers and fruits are used to prepare medicine. 
India is considered as one of the richest areas of biodiversity in the world 
and is listed among the 10 megadiversity countries. It is the major centre of 
origin and diversity of crop plants. India is known to have more than 49,000 
species of plants, 18,000 species of higher plants and 1,000 wild edible plant 
species. In addition, nearly 9,500 plant species are of ethno-botanical uses, out 
of which around 7,500 are of the ethno-medicinal importance and 3,900 are 
multipurpose edible species. Today medicinal plants are important to global 
economy (Srivastava et al. 1995) as approximately 85% of traditional medicine 
preparations involve the use of plants or plant extracts {Vieira and Skorupa 
1993). Farnsworth and Soejarto (1991) have estimated that approximately one 
fourth of all prescriptions dispensed from community pharmacies in the United 
States contain one or more ingredients derived from plants. 
In the past few decades, there has been a resurgence of interest in the 
study and use of medicinal and aromatic plants to the health system (Lewington 
1993; Mendelsohn and Balick 1994; Hoareau and DaSilva 1999; Nalawada and 
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Tsay 2004). This awakening has led to a sudden rise in demand for herbal 
medicines followed by a belated growth In international awareness about the 
dwindling supply of the world's medicinal plants (Bodekar 2002). The World 
Health Organization has estimated that more than 80% of the world's 
population in developing countries depends primarily on herbal medicines for 
basic health care needs. The use of herbal medicines in developed countries Is 
also growing and 25% of the UK population takes herbal medicines regularly 
(Vines 2004). In USA, about 25% of all drugs contained compounds obtained 
from higher plants during 1970s (Farnsworth and Morris 1976). Moreover, 11% 
of the 252 drugs considered to be basic and essential by the WHO are isolated 
and used directly from plant sources (Rates 2001). In addition, approximately 
40% of pharmaceutical lead compounds for the synthetic drugs used today are 
derived from natural resources. 
The genetic diversity of medicinal and aromatic plants in the world is 
getting endangered at an alarming rate because of ruinous harvesting practices, 
over-exploltatlon and habitat destruction with little or no regard to the future. 
The needs of expanding population coupled with an iniquitous distribution of 
wealth have increased, and this has led to the non sustainable exploitative use 
of natural resources. Most of the pharmaceutical industries are highly 
dependent on wild population for the supply of raw materials for extraction of 
medicinally important compounds. The rapid destruction of the world's most 
diverse ecosystems has led a quarter of the earth's total biological diversity in 
serious risk of extinction. 
To safeguard the existing bioresources for future generations and to 
achieve sustainable development on use of available genetic resources, 
conservation of biodiversity is of immense importance. Conventionally, in situ 
and ex situ strategies are being followed for conservation and management of 
biodiversity. In situ conservation implies conservation of genetic diversity within 
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its ecosystem and natural habitat while ex situ conservation is done in man 
made facilities. The major constraints in in situ conservation of these plants 
include slow regeneration rates, over-exploitation and destruction of their 
natural habitats. Therefore, alternative technologies need to be developed for 
their multiplication; tissue culture and other biotechnology based methods offer 
tremendous scope towards meeting the desired objectives. 
The importance of ex situ conservation has gained international 
recognition with its inclusion in Article 9 of the Convention on Biological 
Diversity (CBD) (Glowska et al. 1994) and in Target 8 of the Global Strategy for 
Plant Conservation. Biotechnological tools have vast application in 
phytodiversity conservation and related activities of characterization and 
evaluation. Biotechnology would continue to be a frontline area for research 
and application in the 21^* century. The potential of biotechnology is enormous 
and many new breakthroughs have benefitted the humankind. Powerful tools 
are now available for sustainable development of agriculture when properly 
integrated with other technologies for the production of food, product and 
services. Biotechnological revolution is very relevant to the problems of food 
security, poverty reduction and environment conservation in the developing 
countries (Seragelden 1999). Biotechnology refers to the use of in vitro and 
recombinant DNA technologies in following major areas: 
• As powerful tools in classic breeding 
• As means of generating transgenic plants 
• As a means of integrating micro-organisms into various plant based 
production systems (Meiri and Altman 1998). 
Micropropagation, somatic cell genetics and production of transgenic plants 
are major in vitro technologies, which are being developed and applied 
throughout the world. Plant Tissue Culture is the technique of growing plant 
cells, tissues and organs in an artificially prepared nutrient medium under 
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aseptic conditions. It is an important tool in both basic and applied studies as 
well as in commercial applications. Plant tissue culture covers all type of aseptic 
cultures as shown in Fig. 1. 
Embryo Culture 
Cell Culture <-
Callus Culture 
Seed Culture 
Plant Tissue 
Culture 
Bud Culture 
Fig. 1. Types of culture 
Meristem Culture 
_^  Protoplast 
Culture 
Organ Culture 
(Source: Chawla 2003) 
Plant Tissue Culture has emerged as a powerful technique with the potential 
not only for rapid, clonal and mass propagation of plant species required in 
large number in plantation programmes, but also for the conservation of 
important and rare ones. It also provides novel approaches for the production 
of plants which are high yielding and resistant to abiotic and biotic stresses. The 
technique has been widely applied in all sectors of horticulture, plantation and 
forestry and has contributed significantly towards the enhanced production of 
high quality planting material to the export market. Tissue culture often 
promotes genetic disturbances which resulted in somaclonal variation, thus 
greatly extending the range of useful variation available to the breeder (Rout et 
al. 2000a; Kukreja and Dawan 2000; Sevon and Oksman-Caldentey 2002). The 
application of molecular approaches with medicinal plants would also benefit 
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from the development of cell, tissue and organ culture systems for in vitro 
growth and regeneration of medicinal plants. In addition, such tissue culture 
systems could also prove useful for large scale biotechnological production of 
medicinal plant phytochemicals. 
1.1. In vitro propagation techniques 
In vitro propagation refers to the true to type propagation of selected 
genotypes using in vitro culture techniques. It is an alternative method of 
propagation (George and Sherrington 1984) and is being widely used for the 
commercial propagation of a large number of plant species including many 
medicinal plants (Rout et al. 2000a; Nalawade et al. 2003). The main advantage 
of in vitro technology is its ablility to regenerate disease free, true to type plants 
at high frequency from meristems, shoot tips, axillary buds or nodal segments. 
Micropropagation is one of the innovative method of asexual 
propagation that has proved to be effective for in vitro propagation of medicinal 
and aromatic plants (Bajaj et al. 1988; Purohit et al. 1994; Pattnaik and Chand 
1996; Rout 2002; Faisal et al. 2005a; 2006a and b; Husain and Anis 2006a and b; 
Siddique and Anis 2007a, b, c and d). This technology could be a cost effective 
means of high volume production of elite planting material throughout the year 
without any seasonal constraints. In recent years, much attention has been 
given to the micropropagation of medicinal plants as sources of curative 
compounds for several ailments. Direct regeneration or regenerant 
differentiation via callus cultures and subsequent whole plant regeneration are 
essential for an efficient utilization and application in various in vitro techniques 
for crop improvement (Faisal and Anis 2003; Anis et al. 2005). Micropropagation 
through artificial seeds is also commercially exploited on a large scale, 
generating million of plants in a few months. This technology can be very useful 
for the propagation of a variety of crop plants for which true seeds are not used 
or readily available for multiplication (Mandal et al. 2000; Faisal et al. 2006c). 
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The intricacies involved in the micropropagation of nnedicinal plants have 
been very competently elaborated periodically by Murashige (1978), Ammirato 
(1983), Flick et al. (1983), Hussey (1983, 1986), Bajaj (1986), Whither and 
Alderson (1986), Bajaj et al. (1988). These reports and several others have 
established the efficacy of the in vitro techniques that can profitably be utilized 
for the regeneration and temporal monitoring of metabolites in plants. 
The resurgence of public interest in plant based medicine coupled v\/ith 
the rapid expansion in plant based pharmaceutical industries has resulted in 
increasing demand and over-exploitation of medicinal plants. Indiscriminate 
harvesting and change in climatic conditions have adversely affected the 
habitats of many species, leading to a gradual loss in regeneration potential and 
diversity of many valuable species. Large scale cultivation of these threatened 
and medicinally important wild plants through in vitro techniques is the most 
effective way to sustainable utilization and conservation of phytodiversity. 
In the present investigation, I have selected two medicinally and 
aromatically important plants for in vitro studies with a view to formulate 
cultural conditions for regeneration and multiplication and regenerant 
differentiation in somatic tissues from juvenile and mature explants. The 
description of both these plants is as follows: 
1.2. Mucuna pruriens (L.) DC. 
Synonyms IVIucuna prurita (L.) Hook., Dolichos pruriens 
English name Common Cow-itch, Cowhage, Velvet bean 
Hindi name Kaunch, Kevanch, Goncha 
Family Fabaceae 
Plant parts used Leaves, roots, seeds, pods 
Propagation By seeds 
1.2.1. Habitat 
Mucuna pruriens is a tropical legume found in bushes and hedges at 
damp places, ravines and scrap jungles throughout the plains of India (Singh et 
al. 1996; Anonymous 2003), Africa and the West Indies. 
1.2.2. Botanical description 
M. pruriens is an annual climbing plant that grows upto 30 feet in height. 
Leaves are trifoliate, grey-silky beneath; petioles are long and silky, leaflets are 
membranous, terminal leaflets are smaller, lateral very unequal at base. Dark 
purple flowers (6-30) occur in drooping raceme in the month of September-
October. Fruits are curved, 4-6 seeded. The longitudinally ribbed pod is densely 
covered with persistent pale brown or grey trichomes that cause irritating 
blisters. Seeds are white or black, ovoid and 12 mm long (Verma et al. 1993; 
Anonymous 2003). 
1.2.3. Chemical constituents 
Seed contains Catecholic amino acid 3- (3, 4-dihydroxy phenyl)-L- alanine 
(L-Dopa). Leaves contain 1% L-Dopa whereas seeds contain 7 -10% L-Dopa (Bell 
and Janzen 1971; Daxenbichler et al. 1971; Anonymous 2003). Tryptamine 
alkaloids like Mucanine, Mucananine, Prurenine, Pruridine and Prurenidine are 
also present (Santra and Majumdar 1953). Other bioactive substances viz.. 
Serotonin, Steroids, Flavonoids, Coumarins, Nicotine, Lecithin, Glutathione and 
Gallic acid are also reported in small amounts (Rastogi and Mehrotra 1991a and 
b; Singh etal. 1995). 
1.2.4. Importance 
1.2.4.1. Medicinal 
All parts of Mucuna possess valuable medicinal properties (Caius 1989). 
Seed contains high concentration of Levodopa, a direct precursor of the 
neurotransmitter dopamine, has found wide application for symptomatic relief 
of Parkinson's disease and mental disorder. The plant is recognized as an 
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aphrodisiac in ayurveda, has been shown to increase testosterone levels (Amin 
1996) leading to deposition of protein in the muscles and increased muscle 
mass and strength. The seed is prophylactic against oligospermia, useful in 
increasing sperm count, ovulation in women etc. It prevents male and female 
sterility and acts as a nervine tonic. 
Leaves are useful in ulcers, inflammation, cephalagia and general debility. 
Roots are bitter, thermogenic, antihelminthic, diuretic, stimulant, aphrodisiac, 
purgative and febrifuge. It is considered to be useful to relieve constipation, 
nephropathy, amenorrhoea, ulcers, helminthiasis and fever (Shalini 1997; 
Upadhyay 2000). Pod hairs are used as antihelminthic. Hair mixed with honey 
has been used as vermifuge. An ointment prepared from hair act as a local 
stimulant and mild vesicant (Shastry and Kavethekar 1990). 
1.2.4.2. Others 
Leaves are popular pot herbs and are used as a fodder crop. Pods are 
also used as vegetable after repeated boiling and throwing away the water. M. 
pruriens is well known for its nematicide effects when used in rotation with a 
number of commercial crops (Anonymous 2003). 
1.2.5. Constraints in conventional propagation 
Propagation via seed poses problems due to the high allergic properties 
of pods that cause uncontrolled itching during handling the seeds. Moreover, 
the seeds have low germination percentage with poor viability. 
After the discovery that Mucuna seeds contain L-Dopa, its demand in 
international markets has increased manifold (Farooqi et al. 1999). Thus, 
conventional propagation through seed is not an adequate solution to meet the 
demand for this plant. The need for L-Dopa is largely met by the pharmaceutical 
industries through extraction of the compound from wild population. Due to 
large scale, unrestricted exploitation of the whole plant to meet its ever-
increasing demand by the pharmaceutical industries, coupled with limited 
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cultivation and insufficient attempts for its replenishment, the wild stock of this 
valuable medicinal plant has markedly depleted. Despite the interest in L-Dopa, 
only few reports are available on in vitro regeneration and propagation of M. 
pruriens (Table 1). 
Table 1. Current status of Tissue Culture work on Mucuna pruriens L. (DC.) 
Explant (s) Type of Response 
regeneration 
References 
Ep, Hp, 
Hp with C 
CN 
NS 
Direct 
Direct 
Direct 
Multiple shoot 
regeneration 
Chattopadhyay et al. 1995 
Multiple shoot Faisal et al. 2006a 
formation, rooting 
Multiple shoot bud Faisal et al. 2006b 
induction, plantlet 
formation 
C = Cotyledon; CN = Cotyledonary node; Ep = Epicotyl; Hp = Hypocotyl; NS = 
nodal segment 
1.3. Ocimum basilicum L. 
English name 
Hindi name 
Family 
Plant part used 
Propagation 
Sweet basil, Common basil 
Gulal tuisi. Kali tuisi, Babui tuisi, Marua 
Lamiaceae 
Leaves 
By seeds and cuttings 
1.3.1. Habitat 
O. basilicum believed to have originated in the warmer parts of the Indo-
Malayan regions (Anonymous 2001). It is now found growing throughout 
tropical and hotter parts of the Indian subcontinent as a sacred homestead 
plant. It also grows semi-wild in different village grooves (Hooker 1985; Ghani 
1988). 
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1.3.2. Botanical description 
0. basilicum is an erect almost glabrous herb, 30-90 cm high, leaves 
ovate, lanceolate, acuminate, toothed or entire, glabrous on both surfaces and 
glandular, flower white or pale purple in simple or much branched racemes, 
often thysoid; fruit nutlets, ellipsoid, black and pitted. 
1.3.3. Chemical constituents 
The leaves have numerous dot like oil glands which secret strongly 
scented essential and volatile oils. The major components of essential oil are 
methyl cinnamate, linalool, methyl chavicol, methyl eugenol, a-cubenene, nerol, 
a-muurolene. Other components are ocimene, linalyl acetate and trans 
anethole. 
1.3.4. Importance 
1.3.4.1. Medicinal 
The plant has been considered ethnobotanically important as a 
stomachic, antihelminthic, antipyretic, diaphoretic, and diuretic as well as in 
purulent discharge of ear, bronchitis and diseases of the heart and brain 
(Anonymous 1966). The plant is also used in chronic pain in the joints, asthma 
and enlarged spleen. It is also believed that the juice gives luster to eye, good 
for toothache, earache, headache and cure of ringworm. It is also used in the 
treatment of snakebite and other similar purposes. Roots, bark and leaves are 
cyanogenetic. The seeds are mucilaginous and used for treatment in chronic 
dysentery. They are also given internally with "Sherbot" in cases of habitual 
constipation and in internal piles (Kirtikar and Basu 1994). 
1.3.4.2. Economic 
Oil of basil is used as a flavouring agent in confectionary, baked goods, 
sauces, ketchups, tomato pastes, pickles, fancy vinegars, spice meats, sausages 
and beverages. An oleoresin extracted from the leaves is used as a flavour 
ingredient in all major food products. O. basilicum is also a globally important 
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economic crop producing annually ca. 100 tonnes of essential oil worldwide and 
with a trade value as a pot herb of around US $ 15 million per year. 
1.3.4.3. Others 
Juice of leaves is used as an insecticide and applied on the nostrils of 
camels to kill the worms which infest them during winter. The plant is reported 
to keep away flies and snakes. The essential oil showed moderate repellent 
activity (75%) against red flour bettle (Tribolium castaneum). 
1.3.5. Constraints in conventional propagation 
Conventionally, it is propagated through seeds. However, poor 
germination potential restricts its multiplication. Moreover, seed derived 
progenies are not true to type due to cross pollination (Heywood 1978). 
Tissue culture technology is often successfully utilized for rapid 
multiplication of species in which conventional methods have limitations (Nehra 
and Kartha 1994; Singh and Sehgal 1999). Reports available on tissue culture 
studies of O. basilicum are summarized in table 2. The development of in vitro 
regeneration protocol of this herb has become imperative in order to reduce 
the existing pressure on natural population. 
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Table 2. Current status of Tissue Culture work on O. basilicum L. 
Explant(s) Type of 
regeneration 
Response References 
NS Direct Multiple shoots, 
plantlet formation 
Sahoo et al. 1997 
LS Indirect Callus, shoot 
bud regeneration 
Phippen and 
Simon 2000 
AB Direct Synthetic seeds, 
plantlet formation 
Mandal et al. 2000 
NS,ST Direct Multiple shoots 
formation 
Begum et al. 2002 
NS Direct Multiple shoots, 
in vitro flowering 
Sudhakaran and 
Sivasankari 2002 
NS,AP 
Direct Axillary bud Sudhakaran and 
proliferation, rooting Sivasankari 2003 
CL 
M 
NS,ST 
Direct 
Direct and 
Indirect 
Multiple shoot 
formation 
Multiple shoots. 
callus, adventitous 
shoot regeneration 
Dodeetal. 2003 
Anilkumar et al. 
2005 
u Indirect Callus formation, Lee and Yi 2003 
plantlet regeneration 
LS Direct Somatic embryos, Gopi and 
plantlet regeneration, Ponmurugan 2006 
NS,ST Direct Multiple shoot 
formation, rooting 
Siddique and Anis 
2007b and c, 2008 
AB = axillary bud; AP = apical bud; CL = cotyledonary leaf; I = internode; L = leaf; 
LS = leaf segment; NS = nodal segment; ST = shoot tip 
13 
The role of study of differentiation and growth in vitro, i.e., In vitro 
morphogenesis or Tissue Culture is immense for conservation of phytodiversity 
ex situ and in situ, particularly in establishing Gene Banks. Its application for 
germplasm preservation is imperative especially in case of hybrids, which must 
be propagated vegetatively or where, seeds are not produced or the plant is 
systemically diseased or the plant is very limited. Also, it is invaluable, where 
the preserved germplasm has to be cloned not only at a fast rate but when it 
fails to be regenerated by conventional methods of propagation. It is a common 
knowledge that interplay of various morphogenic stimuli, which can be 
managed in the in vitro -grown plant systems, can hardly be done ex vitro. 
Thus considering the immense possibilities offered by the application of 
tissue culture techniques and current status of the species, present study has 
been attempted with an approach to standardize a reproducible regeneration 
protocol in both the species in vitro, followed by successful ex vitro 
establishment of regenerated plants. 
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1.4. Objectives 
The present study was undertaken with the following objectives: 
(1) To establish and proliferate the axenic cultures from juvenile and mature 
explants. 
(2) To formulate culture conditions for regeneration and multiplication from 
somatic tissues. 
(3) To select best suited media for direct regeneration. 
(4) To standardize the technique for rooting of regenerants. 
(5) To acclimatize the plantlets produced in culture to natural conditions. 
(6) To optimize the technique for synthetic seed production and their 
conversion into plantlets. 
(7) To study the effect of different days of acclimatization on the physiological 
and biochemical parameters of regenerated plantlets. 
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Chapter-2 
REVIEW OF LITERATURE 
2.1. Historical bacJcground 
The history of plant tissue culture probably begins with the attempts of 
Henri Louis Duhamel du Monceau's (1756), who during his pioneering studies 
on wound healing in plants, observed callus formation (see Gautheret 1985). In 
1830s, Matthias Jacob Schleiden, a Botanist and Theodor Schwann, a Zoologist 
speculated the nature of cells and proposed the "Cell Theory". They observed 
that among lower plant forms, a cell can be detached from the plant and 
continue to grow in its own. Schwann (1839) ascribed an independent life of the 
cell as such and that was the beginning of the theory of cell "Totipotent". 
Vochting (1878) carried out experiments on polarity in cuttings. He observed 
that all cells along the stem length are capable of forming roots as well as 
shoots, but their destiny is decided by their relative position in the cutting. In 
1902, a German Botanist Gottlieb Haberlandt, now aptly regarded as Father of 
Plant Tissue Culture, was the first to culture isolated palisade cells of Lamium 
purpureum, pith cells from petioles of Eicchornia crassipes, glandular hair of 
Pulmonaria, stamen hair of Tradescantia, stomatal guard cells of Ornithogalum 
and other plant materials in a nutrient medium containing glucose, peptone and 
Knop's salt solution in vitro. Though he didn't succeed in his attempt, he pointed 
out towards a new technique i.e. Plant Tissue Culture. Despite the failure to 
achieve his goal, Haberlandt made several predictions in his paper in 1902, 
which have been confirmed with the passage of time. 
In 1904, Hanning succeeded in culturing mature embryos of Raphanus 
and Cochlearia and successfully grew them to maturity on mineral salts and 
sugar solution. In 1922, Robbins in USA and Kotte- student of Haberlandt in 
Germany reported some success with growing isolated root tips. Further work 
by Robbins and Maneval (1924) enabled them to improve root growth, but the 
first successful report of continuously growing cultures of tomato root tips was 
made by White in 1934. The two important discoveries made in the mid 1930s 
which gave a push to the development of plant tissue culture technique were 
(a) identification of auxin as a natural growth regulator, and (b) recognition of 
the importance of B-vitamins in plant growth. In 1934, Gautheret had cultured 
cambium cells of Salix capraea, Populus nigra and other tree species on Knop's 
solution containing glucose and cystein hydrochloride and recorded 
proliferation for a few months. However, the first continuously growing tissue 
cultures from carrot root cambium were established by Gautheret in 1939. In 
1939, White reported the establishment of similar cultures from tumour tissue 
of the hybrid Nicotiana glauca X N. langsdorffii. Gautheret and White together 
with Nobecourt are credited for lying the foundation for further work in the 
field of Plant Tissue Culture. 
Skoog and Tsui (1948) showed that the addition of adenine and high 
levels of phosphate allowed non-meristematic pith tissue to be cultured and to 
produce shoots and roots but only in the presence of vascular tissue. Further 
studies using nucleic acids led to the discovery of the first cytokinin- Kinetin as 
the breakdown product of henning sperm DNA (Miller et al. 1955). In 1957, 
Skoog and Miller put forth the concept of hormonal control of organ formation. 
They showed the differentiation of roots and shoots in tobacco pith tissue 
cultures was a function of auxin-cytokinin ratio, organ differentiation could be 
regulated by changing the concentration of auxin-cytokinin in the medium. This 
concept of hormonal regulation of organogenesis is now applicable to a large 
number of plant species. 
In 1958-1959, Reinert and Steward reported somatic embryo formation 
from carrot tissue and this was the first report on somatic embryogenesis. In 
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1962, Murashige and Skoog proposed a solution for tobacco tissues with a 
concentration of salts 25 times higher than in Knop's solution. This medium 
allowed five to seven times more active growth than other media. In 1946, Ball 
successfully produced plantlets by culturing shoot tips with a couple of 
primordia of Lupinus and Tropaeolum but the importance of this finding was not 
recognized until Morel (1960) used the approach to obtain virus free orchids 
and realized its potential for clonal propagation. Kanta et al. (1962) was 
pioneered of in vitro pollination and fertilization in Papaver somniferum. In 
1964, 1966 Guha and Maheshwari obtained haploid plants from cultured 
anthers of Datura inr)oxia. Haploid plants of tobacco were also obtained by 
Bourgin and Nitsch (1967) and confirmed the totipotency of pollen grains. 
Cocking (1960) was the pioneer in isolation and release of cell protoplast by 
treating the cell with cell wall degrading enzymes. Takebe et al. (1971) was the 
first who demonstrated the totipotency of protoplast and obtained tobacco 
plants from mesophyll protoplasts. In 1980, Thorpe reported de novo 
organogenesis by interacting auxin and cytokinin. 
Bulky explants such as cotyledons, hypocotyls, callus (Thorpe 1980) and 
thin (superficial) cell layers (Tran Thanh Van and Trinh 1978; Tran Thanh Van 
1980) have been used in traditional morphogenetic studies as well as to 
produce de novo organs and plantlets in many plant species (Murashige 1974, 
1979). 
These, in brief are some of the milestones in the development of the 
techniques of Plant Tissue Culture, which is a valuable adjunct to conventional 
methods of plant improvement. 
2.2. Micropropagation 
Micropropagation is an alternative method of vegetative propagation, 
which is well suited for the multiplication of elite clones. It is recognized as an 
innovative method of asexual propagation that has proved to be effective for in 
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vitro propagation of many medicinal and aromatic plants (Bajaj et al. 1988; 
Arora and Bhojwani 1989; Sudha and Seeni 1994; Purohit et al. 1994; Pattnaik 
and Chand 1996; Amo-Marco and Ibanez 1998; Rout 2002; Joshi and Dhar 2003; 
Faisal et al. 2005a; Anis et al. 2007; Shahzad et al. 2007). 
The credit for the use of tissue culture for clonal propagation of plant 
goes to G. Morel (1960). Rapid proliferation of many medicinal plants has been 
achieved by shoot tips and axillary buds in culture (Pattnaik and Chand 1996; 
Komalavalli and Rao 2000; Anis et al. 2007; Siddique and Anis 2007a and b). 
Micropropagation generally involves four distinct stages (Murashige 1974): 
Stage I, initiation of aseptic cultures; Stage II, multiplication stages; Stage III, 
rooting of in vitro formed shoots and Stage IV, transfer of plants to greenhouse 
or field conditions (Transplantation). Debergh and Maene (1981) introduced the 
stage 0, (preparation of explants) making micropropagation a five stage process. 
Numerous factors are reported to influence the success of in vitro propagation 
of different medicinal plants and have been reviewed by Murashige (1974, 
1977), Hussey (1980), Ammirato (1983), Hu and Wang (1983), Bhagyalakshmi 
and Singh (1988), Short and Roberts (1991), Rout et al. (2000a). In vitro 
techniques gained unbeatable recognition in plant sciences for successful 
micropropagation and improvement of plant species. A large number of 
medicinal plants have been researched extensively all over the world by using in 
vitro approaches, of which the review on some important medicinal and 
aromatic plants has been categorized under the following heads: 
2.2.1. Direct plant regeneration 
2.2.1.1. Explanttype 
The choice of explant for initiation of culture is largely depend on the 
method to be adopted for in vitro propagation. Explant collected from mature 
field grown plants were found to be better for proliferation than in vitro grown 
seedlings in Asdepias curassavica (Pramanik and Datta 1986), Ocimum species 
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(Pattnaik and Chand 1996), Ocimum basilicum (Sahoo et al. 1997; Begum et al. 
2002; Siddique and Anis 2007b and c, 2008), Ocimum sanctum (Singh and 
Sehgal 1999; Shahzad and Siddiqui 2000), Cunila galioides (Fracaro and 
Echeverrigaray 2001), Psorolea corylifolia (Anis and Faisal 2005), Eclipta alba 
(Husain and Anis 2006a and b) and Vitex negundo (Ahmad and Anis 2007a). 
However, there are several reports on successful regeneration of medicinal 
plants in which explants were taken from aseptically grown seedlings such as 
Melissa officinalis (Tavares et al. 1996), Glycine max (Kaneda et al. 1997), Vicia 
faba (Khalafalla and Hattori 1999), Cassia angustifolia (Agrawal and Sardar 
2003; Siddique and Anis 2007a and d), Sophora flavescens (Zhao et al. 2003), 
Sesbania drummondii (Cheepala et al. 2004) and Mucuna pruriens (Faisal et al. 
2006a and b). 
Explants with vegetative meristems are often suitable for enhanced 
axillary branching (Elliott 1970; Davies 1980; Rout et al. 1990; Arya et al. 1995; 
Rout et al. 2000a; Faisal and Anis 2003; Sivakumar and Krishnamurthy 2004; 
Avani et al. 2006; Prakash and Staden 2007). The most commonly used explant 
is a nodal segment, where in, the axillary bud is made to proliferate to form 
multiple shoots. The better performance of nodal segment was reported in 
Cephaelis ipecacuanha (Jha and Jha 1989), Mucuna pruriens (Chattopadhyay et 
al. 1995), Ocimum basilicum (Sahoo et al. 1997), Vitex negundo (Sahoo and 
Chand 1998; Ahmad and Anis 2007a), Psoralea corylifolia (Jeyakumar and 
Jayabalan 2002), Holostemma ada-kodien (Martin 2002), Leptadenia reticulata 
(Arya et al. 2003), Phyllanthus niruri (Liang and Keng 2006) and Mucuna pruriens 
(Faisal et al. 2006a). In addition, differentiation of multiple shoots from shoot 
tips of different medicinal plants have been well documented by several 
workers (Kartha and Gamborg 1978; Mante et al. 1980; Kothari et al. 1991; 
Rahman et al. 1993; Johanson et al. 1997; Sudha et al. 1998; Soniya and Das 
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2002; Skala and Wysokinska 2004; Krogstrup et al. 2005; Husain and Anis 2006b; 
Siddique and Anis 2007b and c). 
Some of the medicinal plants that have been successfully used for in vitro 
regeneration have been possible through the use of varied explants such as 
cotyledonary node of Melissa officinalis (Tavares et al. 1996), Psiadia arguta 
(Kodja et al. 1998), Vicia faba (Khalafalla and Hattori 1999), Pterocarpus 
marsupium (Chand and Singh 2004b), Capsicum annuum (Siddique and Anis 
2006) and l\/lucuna pruriens (Faisal et al. 2006b); leaf segment of Hyoscyamus 
niger (Yamada and Hashimoto 1982), Centella asiatica (Banerjee et al. 1999) 
and Artemisia annua (Gulati et al. 1996) and inflorescence of Ocimum sanctum 
(Singh and Sehgal 1999). 
Mao et al. (1995) observed that the nature and condition of 
Clerodendrum colebrookianum explant had a significant influence on 
multiplication rate. Actively growing materials were more responsive to shoot 
induction than dormant buds. They also reported that explant density in the 
culture vessels influenced the rate of shoot multiplication. Whilst, Debnath 
(2004) reported that original position from which explants were excised for 
culture significantly affected the shoot characters of Rubus pubescens. Cuttings 
excised from proximal ends were the most productive explants and tended to 
produce more shoots with more leaves per shoot and longer and healthier 
shoots per explant than those obtained from distal halves of the shoots. 
2.2.1.2. Media type 
Murashige and Skoog (1962) medium was found to be the most 
commonly used medium for propagation of many medicinal plants (Uduebo 
1971; Jha and Sen 1985; Wakhlu et al. 1990; Zhou et al. 1994; Chand et al. 1997; 
Saxena et al. 1998; Venkateswarlu et al. 2001; Skala and Wysokinska 2004; Leng 
and Keng 2004; Misic et al. 2006). 
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A basal medium containing inorganic salts of MS medium 170 mg 1'^  
NaH2P04.H20, 80 mg 1"^  adenine sulphate dihydrate, 0.4 mg 1'^  thiamine HCI, 100 
mgl"^  inositol and 3% sucrose has been successfully used for the 
micropropagation of a large number of plant species (Murashige 1977b). 
However, the level of salts in the MS medium was either toxic or unnecessarily 
high (Anderson 1975; Adams et al. 1979). Higher levels are either toxic or 
without any beneficial effect (Cohen and Elliot 1979). Shoots of Ocimum 
basilicum grew extremely well in MS medium and enhancement of number of 
shoots occurred in a medium with MS salts reduced to half strength (Sahoo et 
al. 1997). Similarly in Hedeoma multiflorum (Koroch et al. 1997), Paulownia 
fortuneii (Venkateswarlu et al. 2001) and Mucuna pruriens (Faisal et al. 2006a 
and b), better shoot proliferation took place on half strength MS medium than 
full MS. Whilst, Jang et al. (2003) observed superiority of one third and one 
quarter strength MS than full in Dionea muscipula. However, the use of other 
media has also been reported. Pittet and Moncousin (1982) used Linsmair and 
Skoog's medium whilst Shenk and Hildebrandt's medium was used by Purohit et 
al. (2004). Kaneda et al. (1997) reported highest shoot proliferation of Glycine 
max in B5 (Gamborg et al. 1968) medium than L2 (Phillips and Collins 1979) and 
MS medium, whereas Chen et al. (1995) observed high proliferation rate of 
Euccommia colmoides in MS basal medium than in WPM (Llyod and Mc Cown 
medium 1981). Fracaro and Echeverrigaray (2001) compared five media i.e. MS, 
B5, NN (Nitsch and Nitsch 1969), Ng (Chu et al. 1975) and QL (Quoirin and 
Lepoivre 1977) in Cunila galioides and reported highest proliferation in MS and 
NN media than others. 
2.2.1.3. pH 
Plant tissue cultures are known to tolerate a wide range of pHs. The 
standard procedure for pH adjustment in tissue culture media is to correct the 
pH of the nutrient medium with acid or base prior to autoclaving which may 
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cause the pH to drift (Behagel 1971; Kruse and Patterson 1973; Courson and 
Iran Thanh Van 1981; Mann et al. 1982; Singha 1982). Dougall (1980) reviewed 
the literature associated with in vitro pH changes and believed that the cause of 
such pH changes is best explained in terms of ammonium (NH/) and nitrate 
(NO3') uptake from the medium. Dougall (1980) also presented evidence that 
initial medium pH can influence the ultimate pH of the medium by influencing 
the uptake rate of nitrate and ammonium. The capacity of cell culture to utilize 
N H / as a sole nitrogen source was found to depend on keeping the pH of the 
medium above 5.0 (Martin et al. 1977; Dougall and Verma 1978; Skirvin et al. 
1986). Decreasing the pH of the media to below 4.5 was also shown to affect 
morphogenesis of cultures (Rastogi and Sawhney 1980; Smith and Kirikorian 
1990). 
Parliman et al. (1982) tested the effect of different medium pH (3.5, 4.5, 
5.5 and 6.5) in Dionaea muscipula and found that the optimum pH for shoot 
proliferation and elongation was 5.5 and it was severely inhibited in more acidic 
media. Similar findings were also reported by Hutchinson (1984), Jang et al. 
(2003) whilst Faisal et al. (2006a and b) studied shoot induction and 
multiplication of Mucuna pruriens at varying level of pH (4.5, 5.0, 5.4, 5.8, 6.2 
and 6.5) of culture medium and recorded best shoot multiplication at pH 5.8. 
Recently, Siddique and Anis (2007a) have reported similar findings in Cassia 
ongustifolia. 
2.2.1.4. Plant growth regulators 
Plant growth regulators are organic substances that control the growth 
or other physiological functions at a site remote from its place of production 
and active in extremely minute quantities. The influence of plant growth 
regulators and their interaction on micropropagation of different plant species 
have been discussed by Mor and Zieslin (1987), Rout et al. (1989, 2000a), Skirvin 
et al. (1990), Rout and Das (1997a and b). Rout et al. (1990) observed a high 
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percentage of bud break in a hormone free MS medium in Rosa hybrida within 
10-12 days but the rate of growth was found to be very poor. McCartan and van 
Staden (1998) also reported multiple shoot formation in MS medium in Scilla 
natalensis without plant growth regulators but the growth of shoots was 
stunted. 
Cytokinin levels were shown to be the most critical for multiplication of 
many medicinal plants (Jha and Jha 1989; Tavares et al. 1996; Pattnaik and 
Chand 1996; Koroch et al. 1997; Sahoo et al. 1997; Singh and Sehgal 1999; 
Fracaro and Echeverrigaray 2001; Faisal and Anis 2002; Jeyakumar and 
Jayabalan 2002; Agrawal and Sardar 2003; Cheepala et al. 2004; Faisal et al. 
2005a; Faisal et al. 2006a and b; Siddique et al. 2006; Siddique and Anis 2007a). 
The purine cytokinin, 6-benzyl aminopurine (BAP) or Benzyladenine (BA) 
is the most frequently and most successful cytokinin used in micropropagation. 
Benjamin et al. (1987) reported that BA at high concentrations (1-5 ppm) 
stimulated the development of the axillary meristems and shoot tips of Atropa 
belladona. Tavares et al. (1996) reported micropropagation of Melissa officinalis 
through proliferation of axillary shoots using BA. Similarly, Sahoo et al. (1997) 
recorded high frequency bud break and maximum number of axillary shoots 
formation in O. basilicum from nodal explants in MS medium amended with BA. 
They also reported that initial stage of bud break required BA at higher 
concentration (1.0 mg/l) but their further growth and proliferation demanded 
transfer to a medium containing BA at a relatively low concentration (0.25 
mg/l). However, Fracaro and Echeverrigaray (2001) developed a 
micropropagation protocol in Cunila galioides using BA at higher concentration 
(8.8 |iM). Jeyakumar and Jayabalan (2002) investigated an efficient method for 
direct plantlet regeneration in Psoralea corylifolia by culturing nodal explants in 
MS medium containing 0.5 mg/l BA. The effectiveness of BA on shoot 
multiplication has been reported in Ocimum spp. (Ahuja et al. 1982), Mentha 
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spp. (Rech and Pires 1986), Pogostemon cablin (Kukreja et al. 1990), 
Chlorophytum borivilianum (Purohit et al. 1994), Piper spp. (Bhat et al. 1995), 
Melissa officinalis (Tavares et al. 1996), Hedeoma multiflorum (Koroch et al. 
1997), Ocimum sanctum (Singh and Sehgal 1999), Psoralea corylifolia (Rout et 
al. 2000b; Jeyakumar and Jayabalan 2002), Ocimum basilicum (Begum et al. 
2002; Siddique and Anis 2008), Ceropegia candelabrum (Beena et al. 2003), 
Cassia angustifolia (Agrawal and Sardar 2003), Sophora flavescens (Zhao et al. 
2003), Hyoscamus niger (Uranbey 2005), Mucuna pruriens (Faisal et al. 2006a 
and b) and Hoslundia opposita (Prakash and Staden 2007). 
Thidiazuron (N- phenyl-1,2,3, thidiazol-5-yl urea) is a potent bioregulant 
for in vitro morphogenesis. TDZ induced high rates of shoot organogenesis in a 
variety of woody, medicinal and aromatic plant species (Fiola et al. 1990; Malik 
and Saxena 1992; Huetteman and Preece 1993; Kanyand et al. 1994; Murch et 
al. 2000; Mithila et al. 2001; Tiwari et al. 2001; Cheepala et al. 2004; Faisal et al. 
2005a; Siddique and Anis 2007b and d). Johanson et al. (1997) micropropagated 
Saussurea lappa by culturing shoot tips on MS liquid medium containing 0.25 
|iM TDZ. Kodja et al. (1998) developed a micropropagation protocol for Psiadia 
arguta using TDZ (0.5-1.0 mg/l). Similarly, Khalafalla and Hattori (1999) used 
two cytokinins (TDZ and BA) for shoot multiplication in Vicia faba. They 
suggested that combination of two cytokinins was most effective than either 
cytokinin alone. Shoot formation from root segment of Albizzia julibrissin took 
place in MS medium augmented with low concentration of TDZ (0.1 \iM) 
(Hosseini-Nasr and Rashid 2002). De novo shoot organogenesis was reported by 
Liu et al. (2003) in Artemisia judiaco using TDZ (1.0 jiM) and upto 16 shoots 
were recorded. Faisal et al. (2005a) investigated the effect of TDZ (0.5-10.0 [iM) 
on shoot multiplication in Rauvolfia tetraphylla from nodal segment and 
reported maximum multiplication at 5.0 \xM TDZ while Siddique and Anis (2006, 
2007a) succeeded in direct shoot regeneration from CN and nodal explants of 
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Capsicum annuum and Cassia angustifolia on MS mediunn fortified with 1.0 and 
5.0 nM TDZ respectively. Furthermore, the effect of thidiazuron and of different 
treatment duration was also assessed by Siddique and Anis (2007b) in Ocimum 
basilicum by culturing shoot tip explants in liquid MS medium. 
Kinetin (6-furfuryl aminopurine) at the range of 1.0-5.0 mg/l induced 
rapid proliferation rate in Picrorhiza kurroa (Lai et al. 1988). Jha and Jha (1989) 
established shoot cultures of Cephaelis ipecacuanha by inoculating nodal 
explants onto modified MS medium supplemented with Kin. However, Mc 
Cartan and van Staden (1998) optimized the Kin concentration at 2 mg/l for 
shoot proliferation in Scilla natalensis. Whilst, Sudhakaran and Sivasankari 
(2002) achieved shoot multiplication in Ocimum basilicum on MS medium 
supplemented with 1.5 mg/l Kin. The positive effect of Kin on shoot 
regeneration in various medicinal and aromatic plant species was reported by 
several workers (Pattnaik and Debata 1996a; Borthakur et al. 1999; Paek and 
Murthy 2002; Jang et al. 2003; Makunga et al. 2005; Parabia et al. 2007). 
Chattopadhyay et al. (1995) developed a rapid micropropagation 
protocol in IVIucuna pruriens by culturing nodal segment explants on MS 
medium supplemented with 2-iP. However, Brand and Kiyomoto (1997) 
accomplished shoot multiplication in Rhododendron at higher concentration of 
2-iP (10-50 \iM). Upadhyay et al. (1989) made an in depth study of the influence 
of cytokinin on the growth characteristics in Picrorhiza l<urroa in vitro. The use 
of three cytokinins (BA, Kin and 2-iP) separately at higher concentration (3-5 
mg/l) led to an increase in the abnormalities of the shoots. 
Addition of growth additives had a remarkable positive effect on in vitro 
shoot proliferation. Gibberellic acid at 0.1-0.5 mg/l and adenine sulphate at 50-
100 mg/l had a promising effect on shoot proliferation and elongation. The 
multiplication rate of Cephaelis ipecacuanha was higher in a medium containing 
8 mg/l Kin with 0.1-0.25 mg/l NAA and 200 mg/l adenine sulphate (Jha and Jha 
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1989). However, Pattnaik and Chand (1996) reported that the incorporation of 
0.5 mg/l GA3 alongwith BA in the culture medium resulted in a marked increase 
in the frequency of axillary branching as well as multiple shoot formation in 
three species of Ocimum. Similarly, Sahoo et al. (1997) reported in O. basilicum 
that faster bud break coupled with an enhanced frequency of shoot 
development and internode elongation were dependent on the synergistic 
influence of GA3 when used at an optimal concentration (0.4 mg/l) alongwith BA 
(1.0 mg/l). Similar findings were also reported by Sahoo and Chand (1998). Arya 
et al. (2003) established healthy cultures of Leptadenia reticulata in MS medium 
supplemented with BA and lAA alongwith other additives (Adenine sulphate, 
arginine, citric acid and ascorbic acid). 
Cytokinin was required in an optimal concentration for shoot 
proliferation in many genotypes but inclusion of low concentration of auxins 
alongwith cytokinins triggered the rate of shoot proliferation (Jha and Jha 1989; 
Roja et al. 1990; Rout and Das 1997a and b; Shasany et al. 1998; Tsay et al. 
1989; Komalavalli and Rao 2000; Rout et al. 2000a; Makunga et al. 2005). Barna 
and Wakhlu (1988) indicated that the production of multiple shoots was higher 
in Plantago ovata on a medium having 4-6 \iM Kin alongwith 0.05 piM NAA. 
Similarly, Pattnaik and Debata (1996a) reported that the addition of 1.15 \iM Kin 
alongwith 0.054 piM NAA induced a high rate of shoot proliferation in 
Hemidesmus indicus. However, Faisal et al. (2006a and b) developed rapid and 
efficient protocol for large scale propagation of Mucuna pruriens. The shoot 
multiplication rate was increased manyfolds when cultures were subcultured 
onto MS medium supplemented with BA and NAA combination. Similar 
observations were also made in Gentiana kurroo (Sharma et al. 1993), Sophora 
flavescens (Zhao et al. 2003) and Oreganum vulgare (Goleniowski et al. 2003). 
The synergistic effects of auxins and cytokinins on shoot multiplication of 
various medicinal plants have been well documented in literature (Table 3). 
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Rout et al. (1999) reported that inclusion of lAA (0.01 mg/l) in the culture 
medium alongwith BA improved the frequency of production of multiple shoots. 
While, Sudhakaran and Sivasankari (2002) achieved in vitro flowering in BA and 
lAA combination in Ocimum basilicum. However, Singh and Sehgal (1999) 
developed in vitro micropropagation protocol of Ocimum sanctum by utilizing 
inflorescence explants. Inclusion of lAA (0.05 mg/l) alongwith BA (1.0 mg/l) in 
the culture medium showed a marked increase in the number of shoots. Kin and 
IBA combinations were also found to be effective in some cases (Martin 2002; 
Manjkhola et al. 2005) whereas in vitro morphogenesis of Leptadenia reticulata 
(Parabia et al. 2007) and Typhonium flagelliforme (Yee and Kang 2003) was 
achieved in BA and IBA combination. 
2.2.1.5. Sub-culturing 
A rapid rate of propagation depends on the subculturing of proliferating 
shoot cultures. In prolonged cultures, the nutrient in the medium are gradually 
exhausted, and relative humidity in the culture vessels also decreases leading to 
drying of the cultures. Subculturing also decreases the effect of competition of 
the developing shoots for nutrients. Koblitz et al. (1983) subcultured 
micropropagated shoots of Cinctiona ledgeriana and C. succirubra at weekly 
intervals and obtained 20,000 shoots from single apical meristem within one 
year. Similarly, Bajaj et al. (1988) observed 2200 plantlets of Thymus vulgaris 
from a single shoot grown in vitro for 5 months (four passages). While, Jha and 
Jha (1989) reported that cultures of Cephaelis ipecacuanha continued to 
produce axillary shoots that were cut every three weeks and used as 
microcuttings while remaining basal shoot masses were transferred to fresh 
medium. In the same year, propagation profile of Picrorhiza l<urroa was made 
by Upadhyay et al. (1989) who observed that the shoot multiplication rate 
gradually improved as the number of subculture passages increased. They 
proposed that the effect reflected a time dependent adaptation of the explants 
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to in vitro conditions which was essentially completed during the first few 
subcultures. 
Subculturing had a significant effect on shoot proliferation and highest 
shoot multiplication as well as number of shoots were achieved during the first 
three culture passages, after which gradual decline in shoot development was 
reported in Vitex negundo (Sahoo and Chand 1998), Bacopa monniera (Tiwari et 
al. 2001), Feronia limonia (Hiregoudar et al. 2005) and Vitex trifolia (Hiregoudar 
et al. 2006). While Fracaro and Echeverrigaray (2001) reported repeated 
subcultures of shoot tip and single node at 4 week intervals for eight months on 
the medium, enabled mass multiplication of shoots without any evidence of 
decline in Cunila galioides. Similar observations were also made in Alpinia 
galanga (Borthakur et al. 1999) and Sophora flavescens (Zhao et al. 2003). 
Siddique and Anis (2007a and d) evaluated the effect of subculture 
passage on shoot multiplication of Cassia angustifolia and reported highest rate 
of shoots per node at four subculture passages, which became stable during 
fifth passage and beyond which a gradual decline in multiplication rate was 
noticed. 
2.2.2. Root fornnation 
In vitro induction of roots from growing shoots has been achieved in 
standard media containing auxin and in media in the absence of auxin 
depending on plant genotype (Rout et al. 1989; Rout et al. 2000b). De novo 
formation of the root meristems involves complex changes in the metabolism 
and it is evident that endogenous factors interact in developmental shift leading 
to adventitious root formation both at the biochemical and molecular levels 
(Caboni et al. 1997). However, important aspects linked with metabolism, plant 
age and state of plant have made the rooting process a complex phenomenon 
(Hartman et al. 1997). The intricacies involved in rooting was reviewed by 
Haissig (1974), George and Sherrington (1984), Hartman and Kester (1986), 
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Nemeth (1986), Moncousin (1991), Gaspar et al. (1992, 1994), Soh et al. (1999), 
Routetal. (2000b). 
The microshoots of various medicinal plants rooted on only MS medium 
without the growth regulators (Cristina et al. 1990; Sharma et al. 1993; Mao et 
al. 1995; Saxena et al. 1998; Singh and Sehgal 1999; Zhang et al. 2005; Keng and 
Hoong 2005). Relatively low salt concentration in the medium is known to 
enhance rooting of the microshoots (Murashige 1979). Rooting has been 
reported to improve in many medicinal and herbaceous species when the 
concentration of macrosalts was lowered to half or less (Chattopadhyay et al. 
1995; Pattnaik and Chand 1996; Sahoo et al. 1997; Banerjee et al. 1999; 
Sreekumar et al. 2000; Martin 2002; Agrawal and Sardar 2003; Anis and 
Shahzad 2005; Faisal et al. 2006b; Husain and Anis 2006b; Siddique and Anis 
2007a). Sucrose concentration acts as an enhancer of osmotic potential and also 
plays a vital role in root induction. Generally 3% sucrose was used in most of the 
plants for root induction (Jha and Jha 1989; Pattnaik and Debata 1996a; 
Khalafalla and Hattori 1999; Komalavalli and Rao 2000; Beena et al. 2003; Faisal 
et al. 2005a; Raghu et al. 2006). However, Rout et al. (1999, 2000b) used 2% 
sucrose for root induction. There is marked variation in the rooting potential of 
different plant species and systematic trials are often needed to define the 
conditions required for root induction. Addition of low concentration of auxins 
(lAA, IBA and NAA) to the MS medium promoted rooting. IBA was found to be 
more effective than lAA and NAA in Ocimum americanum (Pattnaik and Chand 
1996), Holostemma ada-kodien (Martin 2002), Salvia brachyodon (Misic et al. 
2006) and Mucuna pruriens (Faisal et al. 2006a). While Lai et al. (1988) 
examined the effectiveness of various auxins on rooting of Picrorhiza kurroa 
microshoots and found that NAA at 1.0 mg/l was superior to IBA or lAA. 
Chattopadhyay et al. (1995) achieved in vitro rooting in Mucuna pruriens using 
2.7 \M NAA. Similarly, in Ocimum sanctum (Pattnaik and Chand 1996), Ocimum 
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bosilicum (Sudhakaran and Sivasankari 2002), Cassia angustifolia (Agrawal and 
Sardar 2003), Cucumis sativus (Ahmad and Anis 2005) and Vitex trifolia 
(Hiregoudar et al. 2006) rooting was most effective in a medium amended with 
NAA. Faria and lllg (1995) obtained 100% rooting in the excised shoots of 
Zingiber spectabie in liquid or gelrite gelled medium containing 5 nM lAA or 
NAA. Skala and Wysokinska (2004) reported induction of rooting in microshoots 
of Salvia nemarosa on MS medium supplemented with 0.6 \xM lAA or 0.5 nM 
NAA. Pulse treated shoots with high auxin concentration for short period 
induced callus free rooting when such shoots were implanted on low strength 
salt medium (Purohit et al. 1998; Choi et al. 2001; Romano et al. 2002; Siddique 
and Anis 2007a). 
Extra vitrum rooting was also attempted and achieved by different 
workers like Liu and Li (2001) in Camptotheca acuminata, Martin (2003) in 
Rotula aquatica, Faisal et al. (2005b) in Tylophora indica, Siddique et al. (2006) 
in Nyctanthes arbor-tristis, Siddique and Anis (2006) in Capsicum annuum which 
certainly reduce the micropropagation cost and also the time from laboratory to 
field transfer. 
2.2.3. Hardening, acclimatization and field establishment 
The successful acclimatization of micropropagated plants and their 
subsequent transfer to the field is a crucial step for commercial exploitation of 
in vitro technology. However, the acclimatization of many micropropagated 
plants was reported to be a difficult procedure because of rapid dessication of 
plantlets or their susceptibility to diseases due to high humidity (Ara et al. 1993; 
lllahi 1993; Kumar et al. 1995; Van Huylenbroeck and Debergh 1996b; Koroch et 
al. 1997; Roos-Karsten et al. 1998; Venkateswarlu et al. 2001; Begum et al. 
2002). Preece and Sutter (1991) have reviewed acclimatization of 
micropropagated plants in the greenhouse and subsequently in field. Koroch et 
al. (1997) developed a new method of in vitro hardening off micropropagated 
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Hedeoma plants. They reported that preconditioning of plants with different 
concentration of sucrose significantly influence the quality of plant that has 
been established ex vitro. Satheesh and Bhavanandan (1988) reported that 
when micropropagated plants of Plumbago rosea were transferred to pots 
containing a 1:1 soil and sand mixture under greenhouse conditions, about 60% 
of the plants survived. However, Jha and Sen (1985) reported that prior to 
transfer to soil, all the rooted plantlets of Bowiea volubilis were maintained for 
4-6 weeks in MS salts with 0.5% sucrose and incubated at 24-30 °C for 4 weeks 
for hardening. After 4 weeks, the plantlets were transferred to soil and showed 
80% survival. Similarly, Jha and Jha (1989) noted the highest survival of 
Cephaelis ipecacuanha plants when maintained for 4 weeks in liquid MS 
medium before being transferred to greenhouse conditions. The selection of a 
suitable planting substrate can be decisive for acclimatization. Among 4 types 
(vermiculite, soilrite, vermicompost and garden soil) of planting substrates 
evaluated, maximum survival of plantlets were observed in soilrite in Cassia 
angustifolia (Agrawal and Sardar 2003; Siddique and Anis 2007a and d), 
Leptadenia reticulata (Arya et al. 2003), Ceropegia caridelabrum (Beena et al. 
2003), Mucuna pruriens (Faisal et al. 2006a and b), Eclipta alba (Husain and Anis 
2006a and b) and Ocimum basilicum (Siddique and Anis 2007b and c). 
Vermiculite too has been reported to be an effective planting substrate for 
acclimatization in many medicinal plants (Mathur et al. 1988; Sahoo and Chand 
1998; Singh and Sehgal 1999; Paek and Murthy 2002; Chandramu et al. 2003; 
Hiregoudar et al. 2006; Prakash and Staden 2007). Saxena et al. (1997) reported 
95% of the regenerated plants survived in the greenhouse when rooted 
plantlets of Psoralea corylifolia were kept in a 1:1 mixture of soil and sand. 
Whereas Siddique and Anis (2007b) reported 95% survival rate in Ocimum 
basilicum after transfer from soilrite to garden soil in greenhouse. 
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2.3. Synthetic seed 
The synthetic seed is defined as encapsulated somatic embryos which 
functionally mimic seeds and can develop into plantlets under suitable 
conditions. In a broader sense, it also refers to encapsulated buds, bulbs, 
axillary buds, adventitious buds, shoot tips, cormlets and protocorms or any 
form of meristems which are able to develop into complete plantlets (Piccioni 
and Standardi 1995; Rao et al. 1998; Faisal et al. 2006c, Faisal and Anis 2007). 
The concept of synthetic seeds was first proposed by Murashige (1977) and the 
first report on the construction of synthetic seeds was published in 1982 by 
Kitto and Janick, which described the coating of multiple carrot somatic 
embryos with a water soluble resin. Polyethylene oxide (Polyox). Later, 
Redenbaugh et al. (1984) were successful in producing monoembryonic 
synthetic seeds for Alfalfa by encapsulating somatic embryos with alginate 
hydrogel. Subsequently, this technology was extended to a wide variety of plant 
species, including cereals, vegetables, fruits, ornamentals, medicinal and 
aromatic plants and conifers (Redenbaugh 1993; Ghosh and Sen 1994; Fowke et 
al. 1994; Onay et al. 1996; Pattnaik and Debata 1996b; Janeiro et al. 1997; 
Castillo et al. 1998; Mandal et al. 2000). Earlier, it was restricted mostly to 
plants in which somatic embryogenesis was well documented (Ghosh and Sen 
1994; Castillo et al. 1998; Antonietta et al. 1999, 2007). In response to this 
problem, the possibility of using non-embryogenic vegetative propagules such 
as apical shoot buds, axillary buds, nodal segments and shoot tips for synthetic 
seed production was explored by several workers with varying degree of 
success (Bapat et al. 1987; Mathur et al. 1989; Sharma et al. 1994; Pattnaik et al. 
1995; Piccioni and Standardi 1995; Ballester et al. 1997; Sarkar and Naik 1998; 
Pattnaik and Chand 2000; Mandal et al. 2000; Brischia et al. 2002; Danso and 
Ford-Llyod 2003; Chand and Singh 2004a; Singh et al. 2005, 2006; Mallon et al. 
2007). 
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Mathur et al. (1988) developed a technique for micropropagation of 
Valeriana wallichi using encapsulation of apical and axial shoot buds. 
Subsequently, Mathur et al. (1989) used 4% sodiunn alginate and 100 mM CaCl2 
for the development of synthetic seeds for nnicropropagation. The encapsulated 
vegetative propagules can also be used for germplasm conservation of elite 
plant species and exchange of axenic plant materials among laboratories (Hasan 
and Takagi 1995; Maruyama et al. 1997). Encapsulation of shoot tips in Calcium 
alginate offers a space saving option for storage at low temperature but above 
0°C (Lisek and Olikowska 2004). 
Faisal et al. (2006c) encapsulated nodal segments of Rauvolfia tetraphylla 
in calcium alginate hydrogel. Encapsulated buds exhibited the best shoot 
development on MS medium supplemented with 10 piM BA and 0.5 \xM NAA. 
Encapsulated nodal segments demonstrated successful regeneration after 
different periods (1-8 weeks) of cold storage at 4 °C, whereas Singh et al. (2006) 
achieved plant regeneration from alginate encapsulated shoot tips of 
Phyllanthus amarus. The best gel complexion was achieved using 3% sodium 
alginate and 75 mM CaCl2.2H20. 
2.4. Physiological studies 
Tissue culture plantlets grew heterotrophically in vitro because light 
intensity is low and carbohydrates are provided in the medium. But when they 
are removed from the culture vessels, the transplants must acclimate to higher 
light intensity, lower relative humidity, fluctuating temperatures and lower 
availability of some mineral nutrients. These conditions can result in the 
formation of plantlets of abnormal morphology, anatomy and physiology which 
resulted in high percentage of plantlets death because of sudden changes after 
their ex vitro transfer (Kozai 1991; Kozai et al. 1992; Buddendorf-Joosten and 
Wooltering 1994; Desjardins 1995; Kozai and Smith 1995; Pospisilova et al. 
1992, 1997, 1999, 2000). The physiological status of in vitro grown plantlets 
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during acclimatization is an important factor determining success rates 
(Debergh 1991; Van Huylenbroeck and Debergh 1996a). After ex vitro 
transplantation, plantlets usually need some weeks of acclimatization under 
shade with gradually lowering relative humidity (Preece and Sutter 1991; 
Kadlecek 1997; Bolar et al. 1998) to avoid desiccation and photoinhibition and 
to repair the abnormalities (Drew et al. 1992; Bag et al. 2000; Pospisilova et al. 
2000). 
It has been reported in literature that photosynthetic pigments viz., 
Chlorophyll a, b and carotenoid are increased after transplantation (Trillas et al. 
1995; Rival et al. 1997; Synkova 1997; Pospisilova et al. 1998). The same effect 
was evident in originally photo-autotrophically grown Nicotiana tabaccum 
plants, but in originally photo-mixotrophically grown plants (Kadlecek 1997; 
Kadlecek et al. 1998) and in O. basilicum (Siddique and Anis 2008), an abrupt 
decrease in Chi a and Chi b contents during the first week after transplantation 
followed by a slow increase was found. Cristea et al. (1999) reported that 
photo-autotrophically cultivated Chrysanthemum plantlets showed higher 
content of chlorophyll and carotenoid than plantlets grown on the medium with 
sucrose. 
Earlier, plantlets in vitro had been considered to have little or low 
photosynthetic ability to provide a positive carbon balance and to require sugar 
as a carbon and energy source for their hetero-mixotrophic growth (Grout and 
Ashton 1978). Now, it has been revealed that the plantlets in vitro may achieve 
photo-autotrophic growth under environmental conditions favourable for 
photosynthesis (Kozai et al. 1990; Kozai 1991; Serret et al. 1996; Nguyen et al. 
1999; Seon et al. 2000). Changes in environmental factors such as sucrose level 
in the medium, light intensity or CO2 concentration may affect the development 
of photosynthetic characteristics in vitro (Solarova 1989; Kozai 1991; Kubota 
and Kozai 1992; Hdider and Desjardins 1994). 
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Net photosynthetic rate in Solanum tuberosum, Spathiphyllum 
floribundum and O. basilicum plants decreased in the first week after 
transplantation and increased therafter (Baroja Fernandez 1993; Baroja 
Fernandez et al. 1995; Van Huylenbroeck and Debergh 1996a; Siddique and Anis 
2008). After transplantation, the CO2 uptake by persistant leaves of Fragaria 
spp. and Rubus idaeus was similar to that in plantlets grown in vitro or was 
slightly increased, and a significantly increased CO2 uptake was found only in 
newly formed leaves (Short et al. 1984; Deng and Donnelly 1993). Van 
Huylenbroeck et al. (1998) reported that in vitro formed leaves in Calathea 
louisae were not able to photosynthesize during the first few days after 
transfer, but in Spathiphyllum floribundum, the in vitro formed leaves were 
photosynthetically competent. Nevertheless, substantial photosynthetic 
activities were measured in both plant species when new leaves were fully 
developed. A comparison was made for photosynthetic pigments and net 
photosynthetic rate between in vitro propagated plants and seedlings of same 
age by many workers (Bag et al. 2000; Faisal et al. 2005b; Siddique and Anis 
2006) and found that Chi a, Chi b and carotenoid contents was higher in 
regenerated plants whereas net photosynthetic rate was higher in seedlings 
than in regenerated plants. 
2.5. Biochemical studies 
Acclimatization of plants grown in vitro to natural conditions is a crucial 
step for many species, requiring time and expensive installation that restrict the 
commercial application of the micropropagation processes. Sudden changes in 
environmental conditions during acclimatization of tissue culture raised plants 
generate stress through the formation of reactive oxygen species (ROS) 
(Santamaria et al. 1993; Van Huylenbroeck et al. 1998, 2000; Chai et al. 2005). 
These include superoxide radicals (02~), singlet oxygen (^02), hydrogen peroxide 
(H2O2) and hydroxy! radical (OH), which cause tissue injury (Foyer et al. 1994). 
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The imposition of abiotic stresses can give rise to furtlier increase in ROS levels 
(Alscher and Hess 1993; MuHineaux 1994; DangI et al. 1996; Hammond-Kosoaek 
and Jones 1996; Alscher et al. 1997) which can lead to photo-inhibitory and 
photo-oxidative damages (Asada 1999). To combat the danger posed by the 
presence of ROS, plant cells have evolved defense antioxidant mechanism. To 
scavenge these ROS, different mechanisms, both enzymatic and non enzymatic 
are present in plants (Inze and Van Montagu 1995). Among the enzymatics, 
superoxide dtsmutase \SOD) and cata\ase tCAT) are efficient antioxidant 
enzymes (Scandalios 1993) and their joint action prevents cellular damages 
caused by O2, H2O2 and OH". Changes in catalase and SOD activity in response to 
adverse environmental conditions have been reported by Hertwig et al. (1992), 
Fangmeier et al. (1994), Sgherri and Navari-lzzo (1995). Li et al. (1998) and Li 
and Van Staden (1998) reported effect of plant growth regulators on the 
antioxidant system in seedlings and callus cultures of two maize cultivars 
subjected to water stress and recorded increased activity of these enzymes in 
resistant cultivars whereas the levels remain unaltered in the sensitive cultivar. 
In the same year. Van Huylenbroeck et al. (1998) conducted a study on the time 
course activity of superoxide dismutase and catalase during acclimatization of 
micropropagated plants of Colathea and Spathiphyllum spp. and observed that 
catalase activity was increased, reached maximum at 4* weeks after 
transplantation, while total SOD activity increased with plant growth and 
reaching a maximum in the 24* weeks of acclimatization in both the plants. 
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Chapter-3 
MATERIALS AND METHODS 
3.1. Source of plant material 
The mature fruits of Mucuna pruriens L. (DC.) and fresh explants viz., 
nodal segments and shoot tips of Ocimum basilicum L. were procured from 
superior genotypes maintained at the Botanical Garden of the Aligarh Muslim 
University, Aligarh. 
3.2. Surface sterilization 
The healthy seeds of M. pruriens were isolated manually from the fruits. 
The seeds {M. pruriens), nodal segments and shoot tips (O. basHicum) were 
washed thoroughly first under running tap water for atleast 30 min. to remove 
adherent particles, then treated with 5% (v/v) Labolene (Qualigens, India) for 20 
min. and rinsed with sterilized distilled water. The seeds and plant parts were 
surface sterilized with freshly prepared 0.1% (w/v) HgCIa (Qualigens, India) 
solution for 3-5 min. (depending on the type of explant). The surface sterilized 
source tissues were finally rinsed five times with sterile distilled water to 
remove any trace of sterilant. 
3.3. Establishment of aseptic seedlings and preparation of explants 
The surface sterilized seeds of M. pruriens were germinated aseptically 
on different strength (full, 1/2, 1/3 and 1/4) of Murashige and Skoog (MS 1962) 
medium to raise aseptic seedlings. Cotyledonary nodes (7 days old) and nodal 
segments (15 days old) were used as explants for shoot bud induction and 
proliferation. 
Nodal segments (2-3 cm) and shoot tips (1.0-2.0 cm) of Ocimum 
basilicum harvested from fresh sprouts were used as explants for establishing 
axenic cultures. 
3.4. Culture media 
Growth and morphogenesis of plant tissues in vitro are largely governed 
by the composition of culture media. A number of media have been devised for 
specific tissues and organs. In the present study, Murashige and Skoog (MS 
1962) medium was used as primary basal medium for in vitro studies in both the 
plant species. While, Bg (Gamborg's et al. 1968) and L2 (Phillips and Collin's 
1979) medium were also tested. 
3.4.1. Composition of basal media 
The different constituents of MS, B5 and L2 medium alongwith their 
concentrations used are listed in table 4. 
3.4.2. Preparation of stock solutions 
The constituents of MS, 85 and L2 medium depicted in table 4 were 
prepared in the form of four different stock solutions (Table 5). Stock I- major 
salts (20X concentrated), stock II- minor salts {200X concentrated), stock III-
FeS04.7H20 and Na2EDTA.2H20 (lOOX concentrated) and stock IV- organic 
nutrients except sucrose (lOOX concentrated). 
All stock solutions were made by dissolving the required amount in 
measured volume of double distilled water. The reasons for preparing different 
stock solutions are that certain kind of chemicals, when mixed together will 
precipitate and not remain in solution. To prepare one liter of medium, 50 ml of 
stock solution I, 5 ml of stock solution II and 10 ml each of stock solution III and 
IV were taken. Separate stock solutions were prepared for each plant growth 
regulator by dissolving it in a minimal quantity of appropriate solvent (IN NaOH 
or absolute alcohol) and making up the desired volume with DDW. All the stock 
solutions were stored in a refrigerator at 4 °C and were checked properly before 
use. 
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Table 4. Nutritional corr 
Components 
Macronutrients 
MgS04.7H20 
KH2PO4 
KNO3 
NH4NO3 
CaCI^.ZHjO 
NaH2P04.H20 
(NH4)2S04 
Micronutrients 
H3BO3 
MnS04.4H20 
MnS04.H2 0 
ZnS04.7H20 
Na2Mo04.2H20 
CUSO4.5H2O 
C0CI2.6H2O 
Kl 
FeS04.7H20 
Na2EDTA.2H20 
Organic supplements 
Thiamine HCI 
Pyridoxine HCI 
Nicotinic acid 
Myo-inositol 
Others 
Glycine 
Sucrose (g) 
iposition of MS, B5 and L2 medium 
MS 
370 
170 
1900 
1650 
440 
-
-
6.2 
22.3 
-
8.6 
0.25 
0.025 
0.025 
0.83 
27.8 
37.3 
0.5 
0.5 
0.5 
100 
2.0 
30 
Bs 
Amount 
250 
-
2500 
-
150 
150 
134 
3.0 
-
10.0 
2.0 
0.25 
0.025 
0.025 
0.75 
27.8 
37.3 
10.0 
1.0 
1.0 
100 
-
20 
L2 
(mgh 
435 
325 
2100 
1000 
600 
85 
-
5.0 
19.8 
-
5.0 
0.4 
0.1 
0.1 
1.0 
25.0 
33.5 
2.0 
0.5 
-
250 
-
25 
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Table 5. Stock solution for MS, B5 and L2 medium 
Components MS B, 
Amount (mg 1"^ ) 
Stock solution I 
MgS04.7H20 
KH2PO4 
KNO3 
WH4NO3 
CaCl2.2H20 
NaH2P04.H20 
{NH4)2S04 
Stock solution II 
H3BO3 
MnS04.4H20 
MnS04.H20 
ZnS04.7H20 
Na2Mo04.2H20 
CUSO4.5H2O 
C0CI2.6H2O 
Ki 
Stock solution III 
FeS04.7H20 
Na2EDTA.2H20 
Stock solution IV 
Thiamine HCI 
Pyridoxine HCI 
Nicotinic acid 
Myo-inositol 
Others 
Glycine 
7400 
3400 
38000 
33000 
8800 
5000 
50000 
3000 
3000 
2680 
8700 
6500 
42000 
20000 
12000 
1700 
1240 
4460 
-
1720 
50 
5.0 
5.0 
166 
2780 
3730 
50 
50 
50 
10000 
600 
-
2000 
400 
50 
5.0 
5.0 
150 
2780 
3730 
1000 
100 
100 
10000 
1000 
3960 
-
1000 
80 
20 
20 
200 
2500 
3350 
200 
50 
-
2500( 
200 
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3.4.3. Plant growth regulators and carbon source 
Depending upon the experiments, MS basal medium was variously 
supplemented with plant growth regulators such as Cytokinins- 6 benzyladenine 
(BA), 6-furfuryl aminopurine (Kin), thidiazuron (TDZ), 2-isopentenyl adenine (2-
iP) and Auxins- indole-3-acetic acid (lAA), indole-3-butyric acid (IBA) and a-
naphthalene acetic acid (NAA) at different concentrations singly or in 
combinations as specified in the results. 3% (w/v) sucrose was used as a sole 
carbon source in all the experiments. 
3.4.4. Adjustment of pH, gelling of medium and sterilization 
The pH of MS and L2 medium were adjusted to 5.8 and B5 medium to 5.5 
using IN NaOH or HCI using pH meter (L613, Elico Pvt. Ltd., India). The medium 
was solidified with 0.8% (w/v) agar or 0.25% (w/v) gelrite and heating it in a 
microwave oven until a clear gel is formed. All the glasswares used were of 
Borosil make and 20 ml nutrient media was dispensed each in 25 x 125 mm 
capacity of culture tubes and 50 ml in 100 ml capacity wide mouth Erienmeyer 
flasks. The culture vessels containing the medium were plugged with non-
absorbent cotton wrapped in single layer muslin cloth (cotton plugs). The 
medium was sterilized by autoclaving at 1.06 kg cm"^  and 121 °C for 20 min. The 
autoclaved medium in culture tubes were allowed to set as slants, according to 
the need of experiments. 
3.5. Sterilization of glasswares and instruments 
The instruments used for aseptic manipulations such as forceps, scalpels 
etc. were wrapped in aluminium foil; glasswares wrapped in butter paper and 
distilled water etc. were sterilized by autoclaving at 1.06 kg cm"^ for 20 min. 
Instruments were further flame sterilized during their use at laminar cabinet by 
the procedure of dipping them in 95% alcohol, followed by flaming and cooling 
before each inoculation. 
45 
3.6. Sterilization of laminar airflow cabinet 
The laminar airflow cabinet (NSW, Delhi) was sterilized by switching on 
ultraviolet light for 30 min. followed by wiping the working surface area with 
70% alcohol before any operation inside the cabinet. 
3.7. Inoculation and incubation 
Inoculation was performed under aseptic conditions of laminar air flow 
cabinet by using sterilized culture media, instruments and distilled water. The 
instruments were re-sterifized (time to time) during inoculation by dipping them 
in 95% alcohol followed by their flaming and cooling. The surface sterilized plant 
materials were transferred to petridishes and inoculated using sterilized forceps 
in culture vials followed by plugging with cotton plugs in quick succession. 
All the cultures were maintained at 24 ± 2 "C in a culture room under 
16/8 h photoperiod with a photosynthetic photon flux density (PPFD) of 50 
nmol m'^  s'^  provided by cool white fluorescent tubes (40W, Philips, India) with 
55-60% of the relative humidity. 
3.8. Rooting 
The in vitro regenerated shoots measuring 3-5 cm were harvested from 
proliferating cultures and treated for induction of roots either in vitro or ex 
vitro. 
For in vitro root induction, the isolated shoots were transferred on 
different strength of MS medium with or without auxins namely lAA, IBA and 
NAA at different concentrations specified in results. 
Ex vitro rooting was also performed by dipping the basal portion of 
isolated healthy microshoots in IBA at different concentrations specified in 
results for half an hour and then planted in plastic pots containing sterile soilrite 
(Keltech Energies Pvt. Ltd., India) and covered with transparent polythene bags. 
Data on percentage of rooting, number and length of roots were recorded after 
4 weeks of ex vitro transplantation. 
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3.9. Hardening and acclimatization of plantlets 
Healthy plantlets with well developed shoot and roots were taken out 
from the culture tubes, washed gently under running tap water to remove the 
nutrient medium and subsequently transferred to plastic cups containing sterile 
garden soil, soilrite or vermiculite (Keltech Energies Pvt. Ltd., India) under 
diffuse light (16/8 h photoperiod) conditions. Potted plantlets were covered 
with transparent polythene bags to ensure high humidity and watered after 
ever/ ^ d^v^ "^''^^ ^^^^ stvei^ igth MS solut\o^^ fov 2 weeks. Theveaftev, bags were 
removed in order to acclimatize the plantlets to field conditions. After 4 weeks, 
acclimatized plants were transferred to pots containing normal garden soil and 
maintained in a greenhouse under normal day length conditions. 
3.10. Synthetic seed 
3.10.1. Explant source 
Nodal segments approximately 1.0 cm long excised from in vitro 
regenerated shoots of O. basilicum were used as explant. 
3.10.2. Encapsulation matrix 
Sodium alginate (Qualigens, India) at different concentrations (2, 3, 4 and 
5%) was added to MS liquid medium. For complexation, 25, 50, 75 and 100 mM 
CaCl2.2H20 solution was prepared using MS liquid medium. The pH of the gel 
matrix and the complexing agent was adjusted to 5.8 prior to autoclaving at 
12rCfor20min. 
3.10.3. Encapsulation 
Encapsulation was accomplished by mixing the nodal segments with 
sodium alginate solution and with a pipette by dropping them into CaCl2.2H20 
solution. The droplets containing the explants were held for atleast 20 min. to 
achieve polymerization of the sodium alginate. The calcium alginate beads 
containing the nodal segments were retrieved from the solution with a tea 
stameT and rinsed twice with autociaved distiiied water to remove the traces of 
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CaCl2.2H2O and transferred to sterile filter paper in petridishes for 5 min. under 
the laminar airflow cabinet to eliminate the excess of water and thereafter 
planted into petridishes containing nutrient medium. 
3.10.4. Planting media and culture conditions 
The encapsulated nodal segments (alginate beads) were transferred to 
wide mouth culture flask (Borosil, India) containing MS, YiMS and YiMS medium 
supplemented with plant growth regulators either singly or in combinations as 
specified in results. 
The culture medium was gelled with 0.8% (w/v) agar and pH was 
adjusted to 5.8 prior to autoclaving at 121 °C for 20 min. Cultures were 
maintained at 24 ± 2 "C under 16/8 h light-dark conditions with a PPFD of 50 
Hmol m'^ s"^  provided by cool white fluorescent tubes. 
3.10.5. Low temperature storage 
A set of encapsulated nodal segments were transferred in petridishes 
containing water and agar medium and stored in refrigerator at 4 "C. Seven 
different low temperature exposure times (0, 1, 2, 3, 4, 5 and 6 weeks) were 
evaluated for regeneration. After each storage period, encapsulated nodal 
segments were cultured on half strength MS medium supplemented with plant 
growth regulators for conversion into plantlets. The percentage of encapsulated 
nodal segments forming shoots and roots were recorded after 8 weeks of 
culture to regeneration medium. The plantlets developed from encapsulated 
nodal segments were hardened off and acclimatized as specified above. 
3.11. Physiological and biochemical studies of in vitro regenerated plantlets 
during acclimatization 
A set of tissue culture raised healthy plantlets were transplanted in 
sterile soilrite and placed in culture room at 24 ± 2 °C and 16/8 h photoperiod at 
55-60% relative humidity under controlled conditions. Leaf samples were taken 
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at transplantation day (0), and after 7, 14, 21 and 28 days and stored in liquid 
nitrogen for biochemical studies. 
3.11.1. Leaf gas exchange measurement 
Net photosynthetic rate (PN) were measured on fully expanded leaves 
using portable Infra Red Gas Analyzer (IRGA, LI-COR 6400, Lincoln, USA) on the 
basis of net exchange of CO2 between leaf and atmosphere by enclosing the leaf 
in the leaf chamber, and monitoring the rate at which the CO2 concentration 
changed over a short time intervals. The net photosynthetic rate was expressed 
as nmol CO2 m"^s"\ 
3.11.2. Chiorophyll and carotenoid measurement 
The Chlorophyll (Chi) a and b and carotenoid contents were estimated by 
the method of Mckinney (1941) and McLachlan and Zaiik (1963) respectively. 
3.11.2.1. Extraction 
500 mg fresh tissues from interveinal areas of leaves were grind in 5 ml 
acetone (80%) with the help of mortar and pestle. The suspension was filtered 
with Whatman filter paper number-1. If necessary the supernatant was 
regrinded, washed and filtered, the total filtrate was taken in graduated test 
tubes and final volume was made up to 10 ml with acetone. 
3.11.2.2. Estimation 
The extract was transferred to a cuvette and the optical densities (O.D.) 
of chlorophyll solution was read at 645 and 663 nm wave lengths and for 
carotenoid, the O.D. was read at 480 and 510 nm wavelengths against a blank 
(distilled water) with the help of spectrophotometer (UV-Pharma Spec 1700, 
Shimadzu, Japan). 
3.11.2.3. Calculation 
The chlorophyll and carotenoid contents were calculated by using the 
following formula: 
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Chlorophyll a (mg g"^  fresh tissue) 
12.7 (O.D. 663) - 2.69 (O.D. 645) 
xV 
d X 1000 X W 
Chlorophyll b (mg g'^  fresh tissue) 
22.9 (O.D. 645) - 4.68 (O.D 663) 
xV 
d X 1000 x W 
Carotenoid (mg g"^  fresh tissue) 
7.6 (O.D. 480) - 1.49 (O.D. 510) 
= xV 
d X 1000 X W 
Where, 
O.D. = Optical density at the given wave length 
V = Final volume of extract (ml) 
W = Fresh weight of leaf tissue 
d = Length of light path 
3.11.3. Superoxide dismutase (SOD) 
Superoxide dismutase (Superoxide: Superoxide oxidoreductase, EC 
1.15.1.1) activity was measured by the method of Dhinsa et al. 1981 with slight 
modifications. 
3.11.3.1. Procedure 
200 mg of fresh leaf samples were homogenized in 2.0 ml of extraction 
mixture with the help of mortar and pestle. The process was carried out under 
cold conditions (4 "C). The mortar and pestle was kept in ice box during the 
course of homogenization. The homogenate was transferred to centrifuge tubes 
and centrifuged at 12,000 rpm for 15 min. at 4 "C. 
3.11.3.2. Enzyme assay 
Superoxide dismutase (SOD) activity in the supernatant was assayed by 
its ability to inhibit the photochemical reduction. The assay mixture consisting 
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of 1.5 ml reaction buffer, 0.2 ml of methionine, 0.1 ml enzyme extract with 
equal amount of IM NazCOa, 2.25 mM NBT solution, 3 mM EDTA, 60 \iM 
riboflavin and 1.0 ml of DDW was taken in test tubes which were incubated 
under the light of 15 W fluorescent lamp for 10 min at 25/28 °C. Blank A 
containing all the above substances of reaction mixture alongwith the enzyme 
extract, was placed in the dark. Blank B containing all the above substances of 
reaction mixture except enzyme was placed in light alongwith the sample. The 
reaction was terminated by switching off the light, and the tubes were covered 
with a black cloth. The non-irradiated reaction mixture containing enzyme 
extract did not develop light blue colour. Absorbance of samples alongwith 
blank B was read at 560 nm against the blank A. The difference of %reduction in 
the colour between blank B and sample was then calculated. 50% reduction in 
colour was considered as one unit of enzyme activity and the activity was 
expressed in Enzyme Units (EU) mg"^  protein. 
3.11.3.3. Preparation of reagents 
1M Sodium bicarbonate solution 
15.9 g of sodium bicarbonate was dissolved in DDW and the volume was 
made up to 100 ml. 
200 mM Methionine solution 
2.98 g of methionine was dissolved in DDW and the volume was made up 
to 100 ml. 
2.25 mM Nitroblue tetrazolium (NBT) solution 
NBT solution was prepared by dissolving 0.184 g of NBT in DDW. 
3mMEDTA 
It was prepared by dissolving 1.116 mg EDTA in 100 ml DDW. 
60 nM Riboflavin 
2.3 mg of riboflavin was dissolved in 100 ml of DDW. 
Extraction buffer 
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0.5 M Potassium phosphate buffer (pH 7.3) 
The solution of monobasic potassium phosphate (KH2PO4) and dibasic 
potassium phosphate (K2HPO4) were first prepared in the following manner: 
Solution A 
3.40 g of KH2PO4 was dissolved in DDW and the volume was made up to 
50 ml. 
Solution B 
8.70 g of K2HPO4 was dissolved in DDW and the volume was made up to 
100 ml. 
To prepare the extraction buffer, solution A and B were mixed in an 
appropriate ratio and pH was adjusted to 7.3 with the help of a pH meter. To 
100 ml of this buffer, 1 g of polyvinyl pyrrolidone (PVP), 1 ml of Triton X-100 and 
0.11 g of EDTA were added. 
Reaction buffer 
0.1 M Potassium phosphate buffer (pH 7.8) 
0.1 M phosphate buffer (pH 7.8) was used as reaction buffer. The 
solutions of potassium dihydrogen phosphate {KH2PO4) and dipotassium 
hydrogen phosphate (K2HPO4) were prepared in the following manner: 
Solution A 
1.3 g of KH2PO4 was dissolved in DDW and the volume was made up to 50 
ml. 
Solution B 
1.70 g of K2HPO4 was dissolved in DDW and the volume was made up to 
100 ml. 
Solution A and B were mixed in an appropriate ratio to adjust the pH at 
7.8 with the help of pH meter. To 100 ml of this buffer, 1.0 g of PVP was added. 
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3.11.4. Catalase (CAT) 
Catalase (H2O2: H2O2 oxidoreductase; EC 1.11.1.6) activity in the leaves was 
determined by the method of Aebi (1984) after a slight modification. 
3.11.4.1. Procedure 
500 mg of fresh leaf was homogenized in 5 ml of extraction mixture 
under cold conditions. The homogenate was centrifuged at 10, 000 rpm for 20 
min. at 4 °C. The supernatant was used immediately for the enzyme assay. 
3.11.4.2. Enzyme assay 
Catalase activity was determined by monitoring the disappearance of 
H2O2 by measuring a decrease in absorbance at 240 nm using 
Spectrophotometer (UV-Pharma Spec 1700, Shimadzu, Japan). Reaction was 
carried in a final volume of 2 ml of reaction mixture containing reaction buffer 
with 0.1 ml of 3 mM EDTA, 0.1 ml of enzyme extract and 0.1 ml of 3 mM H2O2. 
The reaction was allowed to run for 5 min. Activity was calculated by using 
Extinction Coefficient (J) 0.036 mM'^ cm"^  and expressed in Enzyme Units (EU) 
mg'^ protein. One unit of enzyme determines the amount necessary to 
decompose 1 pimol of H2O2 per min. at 25 °C. 
3.11.4.3. Preparation of reagents 
Extraction buffer 
0.5 M Potassium phosphate buffer (pH 7.3) 
Solution A 
3.40 g of KH2PO4 was dissolved in DDW and the volume was made up to 
50 ml. 
Solution B 
8.70 g of K2HPO4 was dissolved in DDW and the volume was made up to 
100 ml. 
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Solution A and B were mixed in an appropriate ratio and pH was adjusted 
to 7.3 with the help of a pH meter. To 100 ml of this buffer, 1.0 g PVP, 1.0 ml 
Triton X -100 and 0.11 g of EDTA were added. 
Reaction buffer 
0.5 M/0.25 M Potassium pfiosphate buffer (pH 7.2/7.0) 
Solution A 
3.40/1.70 g of KH2PO4 was dissolved in DDW and the volume was made 
up to 50 ml. 
Solution B 
8.70/4.35 g of K2HPO4 was dissolved in DDW and the volume was made 
up to 100 ml. 
Solution A and B were mixed in an appropriate ratio and pH was adjusted 
to 7.2/7.0 with the help of a pH meter. 
3 mM H2O2 
0.1 ml of H2O2 was mixed with 9.9 ml of DDW. 
3 mM EDTA 
111.96 mg was dissolved in DDW and the volume was made upto 100 ml. 
3.11.5. Soluble protein 
The total soluble protein content of the leaves of regenerated plants was 
estimated following the method of Bradford (1976) using Bovine Serum 
Albumin (BSA, Sigma, USA) as standard. 
3.11.5.1. Procedure 
3.11.5.1.1. Extraction 
500 mg of fresh leaf material was homogenized in 5 ml of 0.1 M 
extraction buffer at 4 °C with the help of pre-chilled mortar and pestle, and kept 
in an ice box during the process of homogenization. The homogenate was 
transferred to a 30 ml centrifuge tube and centrifuged at 5000 rpm for 10 min. 
at 4 °C. An equal amount of chilled 10% TCA was added to 1 ml of the 
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supernatant, which was again centrifuged at 3300 rpm for 10 min. The 
supernatant was discarded and the pellets were washed with acetone. It was 
then dissolved in 1 ml of 0.1 N NaOH. 
it *. 
3.11.5.1.2. Estimation / ' " "^ \ • 0 ^ \ ^ ^ \ *\\ 
To 0.1 ml of aliquot, 0.5 ml of Bradford's reagent was added and nflixed 
'\ . '' 
using vortex mixer. The tubes were kept for '4^ mfru. for^optlmal tolour 
development. The absorbance was then recorded at S^^'^WfF^&fra \jy visible 
spectrophotometer. The soluble protein concentrations were quantified with 
the help of a standard curve prepared from the standard of Bovine Albumin 
Serum (BSA) from Sigma, USA. The protein content was expressed in mg g'^  
fresh weight. 
3.11.5.1.3. Preparation of reagents 
Extraction buffer 
0.1 M phosphate buffer (pH 7.2) was used as extraction buffer. The 
solution of potassium dihydrogen phosphate (KH2PO4) and dipotassium 
hydrogen phosphate {K2HPO4) was prepared in the following manner: 
Solution A 
1.3 g of KH2PO4 was dissolved in DDW and the volume was made up to 50 
ml. 
Solution B 
1.7 g of K2HPO4 was dissolved in DDW and the volume was made to 100 
ml. 
Solution A and B were mixed in an appropriate ratio to adjust the pH at 
7.2 with the help of pH meter. 1.0 g PVP was added to 100 ml of this buffer. 
10% (w/v) TCA 
10 g of TCA was dissolved in DDW to a final volume of 100 ml. 
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O.lNNaOH 
0.4 g of NaOH pellets was dissolved in double distilled water to make a 
final volume of 100 ml. 
Bradford's reagent 
50 ml 90% ethanol was mixed to 100 ml of orthophosphoric acid (85%). 
Its volume was made up to 1 L and 100 mg of Coomassie Brilliant Blue (G) dye 
was added to it which was stirred well on a magnetic stirrer in dark covered 
volumetric flask. The solution was then filtered through Whatman filter paper 
number-1 and stored in dark conditions. Resultant reagent was called 
Bradford's reagent. The final concentrations of components in the reagent were 
0.01% Coomassie brilliant blue G-250 (w/v), 4.75% (w/v) ethanol and 8.5% (w/v) 
0-phosphoric acid. 
3.12. Anatomical studies 
3.12.1. Fixation and storage of plant material 
Differentiated cultures were fixed in FAA solution consisting of Formalin: 
Glacial acetic acid: Alcohol (70%) in the ratio of 5:5:90 (v/v). The fixed samples 
were stored in 70% alcohol. 
3.12.2. Embedding, sectioning and staining 
Standard method of paraffin embedding (Johansen 1940) was followed 
for histological studies. Ethanol-xylol series was used for dehydration and 
infiltration. For complete infiltration, the plant materials to be sectioned were 
kept in a vaccum over at 60 °C for 15 min. Sections (longitudinal) of 10 [iM 
thickness were cut using a Spencer 820 microtome (American Optical Corp. 
Buffalo, New York) and resulting paraffin ribbons were passed through a series 
of deparafinizing solution and stain safranin and fast green solutions. 
Permanent slides were made by using Canada balsam. The sections were 
examined under a light microscope (Olympus CH20i, Japan). 
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3.13. Chemicals and glasswares 
Most of the chemicals like BSA, EDTA, PVP, Triton X-100, NBT, H2O2, 
methionine, TCA, Plant growth regulators (BA, Kin, TDZ, 2-iP, lAA, IBA and NAA), 
riboflavin and gelrite were obtained from Sigma-Aldrich (St. Louis, USA). Macro 
and micro salts, agar, sucrose, sodium alginate, buffer components, mercuric 
chloride were purchased from Qualigens, Merck; India. All chemicals were 
obtained in highest purity available commercially. 
Glasswares, such as test tube (25 mm x 150 mm), petridishes (17 mm x 
100 mm), and wide mouth Erienmeyer flasks (100 ml and 250 ml) were 
purchased from Borosil, India. 
3.14. Statistical analysis 
All experiments had ten replicates per treatment and each experiment 
was repeated thrice. Data was analyzed statistically using SPSS Ver. 12 (SPSS 
Inc., Chicago, USA). The significance of differences among means were carried 
out using Duncan's multiple range test at P = 0.05. The results are expressed as 
the mean ± SB of three experiments. 
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Chapter-4 
RESULTS 
4.1. Mucuna pruriens L. (DC.) 
4.1.1. Establishment of aseptic seedlings 
The surface sterilized seeds (Fig. 3A) were inoculated on different 
strength (Full, 1/2, 1/3 and 1/4) of MS medium for germination (Fig. 2). Half 
strength MS medium was found to be superior over other strengths. About 65% 
seeds germinated on MS basal medium but maximum percent (82.5%) of 
germination was recorded on half strength MS medium after one week of 
culture (Fig. 3B). Reducing the strength of MS to 1/3 and 1/4, decreased the 
germination percentage and only 40.4% seeds got germinated on 1/4 MS 
medium. Addition of GA3 at different concentrations (0.1, 0.5 and 1.0 mg/l) 
couldn't improve the germination percentage (Data not shown). 
4.1.2. Direct shoot regeneration 
4.1.2.1. Cotyledonary node (CN) explants 
Cotyledonary nodes excised from 7 days old aseptic seedlings were used 
as explants. 
4.1.2.1.1. Effect of cytokinins 
Cotyledonary nodes (CN) were placed on MS medium supplemented with 
different concentrations of BA, Kin and 2-iP (0.5, 2.5, 5.0, 7.5 and 10.0 piM). CN 
explants failed to respond morphogenetically to growth regulator free MS 
medium even when the cultures were maintained beyond 4 weeks of 
incubation period. The explants in the control medium remained fresh and 
green for about 2 weeks, but thereafter started to blacken and eventually died. 
Multiple shoots were formed in all the treatments with different frequencies 
(Table 6). Among the cytokinins tested, BA showed the best response in terms 
of shoot induction than Kin and 2-IP. Multiple shoots were induced within 2-4 
I 
# 40 
1/2MS 1/3MS 
Medium strength 
1/4MS 
Fig. 2. Effect of different strength of MS basal medium on in vitro 
germination of seeds of M. pruriens after one week of culture. 
Explanation of Fig. 3A-B 
A. Seeds of Mucuna pruriens. 
B. In vitro germinated aseptic seedling of M. pruriens. 

weeks of culture on shoot induction medium. CN explants cultured on 0.5 |iM 
BA induced 1.2 ± 0.13 shoots in 50% cultures (Fig. 4A). Of the various levels of 
BA tested, 5.0 piM proved to be most effective and optimum for inducing 
maximum percent regeneration (78%), number of shoots (6.5 ± 0.28) and shoot 
length (5.1 ± 0.37 cm) after 4 weeks of culture (Fig. 4B). At the same 
concentration. Kin produced 5.7 ± 0.31 shoots in 75% cultures (Table 6) (Fig. 
4C). 2-iP gave poor response in comparison to other cytokinins. MS medium 
supplemented with 5.0 piM 2-iP induced 3.8 ± 0.15 shoots in 72% cultures after 
4 weeks of incubation (Fig. 4D). There was a linear correlation upto the optimal 
level of cytokinins and beyond which a gradual decline in all the parameters 
were recorded. All regenerated shoots were free from any basal callusing at 
their proximal ends. 
4.1.2.1.2. Effect of combinations of auxin and cytokinin 
The synergistic influence of auxins (lAA and NAA) with various cytokinins 
(BA, Kin and 2-iP) was however, evident when optimal concentration of each 
cytokinin with different concentrations of lAA and NAA (0.1, 0.5 and 1.0 piM) 
were tested (Table 7 and 8). Addition of NAA enhanced the rate of shoot 
proliferation than lAA. BA and NAA combinations were found to be more 
effective for shoot multiplication than other combinations. The best frequency 
(87%) of shoot formation, maximum number (12.6 ± 1.23) of shoots per explant 
with highest shoot length (5.4 ± 0.18 cm) were obtained in MS medium 
amended with 5.0 [iM BA and 0.5 piM NAA after 8 weeks of culture (Fig. 6A). 
This was considered to be the optimal growth regulator combination for shoot 
proliferation among all the combinations tested (Table 7). 
MS medium supplemented with optimal concentration of Kin (5.0 \iM) 
and low concentration of NAA (0.1 \iM) induced 6.7 ± 0.36 shoots in 78% 
cultures. Increasing the concentration of NAA upto 0.5 piM alongwith Kin 
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Explanation of Fig. 4A-D 
A. Shoot bud emergence of M. pruriens from cotyledonary node explant on 
MS + BA (0.5 \xM) after 4 weeks of culture. 
B. Induction of multiple shoots on MS + BA (5.0 piM). 
C. Culture showing direct multiple shoot regeneration on MS + Kin (5.0 piM). 
D. Multiple shoots on MS + 2-iP (5.0 piM) after 4 weeks of culture. 
_^I^^J 
K 
(5.0 nM) increased the regeneration frequency (82%), number of shoots (9.1 ± 
1.17) and shoot length (4.7 ± 0.20 cm). At the same concentration, 2-iP and NAA 
combination gave 7.7 ± 0.36 shoots in 78% cultures after 8 weeks (Table 7). 
Among the various combinations of optimal concentration (5.0 \xM) of 
BA, Kin and 2-iP alongwith different concentrations of lAA tested, the highest 
shoot regeneration frequency (83%), number of shoots per explant (10.2 ± 0.72) 
and shoot length (4.9 ± 0.17 cm) were observed on MS medium amended with 
BA (5.0 nM) and lAA (0.5 piM) after 8 weeks of culture (Table 8) (Fig. 6B). 
4.1.2.1.3. Effect of TDZ 
Experiment were also conducted to see the effect of different 
concentrations of TDZ (0.1, 0.3, 0.5, 0.8, 1.0 and 2.5 piM) on morphogenesis 
(Table 9), which occurred in all the treatments except TDZ free MS medium. 
Different concentrations of TDZ influenced the frequency of shoot bud 
formation and the number of shoot buds. TDZ at lower concentration (0.8 jiM) 
was found to be effective among all the concentrations tested and multiple 
shoot buds emerged from the explant after 2 weeks of culture (Fig. 7A). A 
maximum of 4.0 ± 0.23 shoots with 3.6 ± 0.26 cm shoot length in 73% cultures 
were recorded at 0.8 [iM TDZ after 4 weeks of culture (Fig. 7B). 
Shoot buds induced from CN explants on TDZ containing media didn't 
elongate and resulted in a rosette of shoots when continued to be cultured on 
the same medium (Fig. 7C). The problem of shoot elongation was overcome by 
transfer of shoot clusters to secondary medium lacking TDZ where the multiple 
shoots elongated after every subculture passage (Fig. 5). Subculturing was done 
after every 2 weeks. The highest number of shoots (9.0 ± 0.80) and shoot length 
(5.4 ± 0.46 cm) were recorded at the fifth subculture passage (Fig. 7D) and there 
was no sign of decline in parameters evaluated even after fifth passage of 
culture (Fig. 5). 
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2nd 3rd 4th 
Subculture passages 
Fig. 5. Effect of subculture passages on shoot multiplication and 
elongation fronn cotyledonary node explants of M. pruriens 
obtained from TDZ (0.8 pM) after being tested for five 
subculture passages on TDZ free MS medium. Bars represents 
the means ± SE. Bars denoted by the same letter within 
response variables are not significantly different (P = 0.05) 
using Duncan's multiple range test. 
Explanation of Fig. 6A-B 
A. Proliferation of shoots of M. pruriens from CN explant on IVIS + BA (5.0 
|iM) + NAA (0.5 niVI) after 8 weeks of culture. 
B. IVIultiple shoot regeneration and elongation on MS + BA (5.0 piM) + lAA 
(0.5 piM) after 8 weeks of culture. 

Explanation of Fig. 7A-D 
A. Culture showing shoot bud emergence from CN explant of M. pruriens on 
MS + TDZ (0.8 piM) after 2 weeks of culture. 
B. Multiple shoot induction on MS + TDZ (0.8 piM) after 4 weeks. 
C. Culture showing cluster of rosette shoots on MS + TDZ (0.8 |iM) after 8 
weeks. 
D. Shoot multiplication and elongation at fifth subculture on MS medium 
devoid of TDZ. 

4.1.2.1.4. Effect of different media and strength 
Different basal media i.e. MS, >1MS; L2, Vilz; B5 and MB5 with optimal 
concentration of BA (5.0 \iM) and NAA (0.5 nM) were examined for inducing 
maximum shoot multiplication and shoot length. The half strength MS medium 
was found to be the most suitable medium for maximum shoot proliferation as 
it produced 17.8 ± 1.01 shoots per explant with maximum shoot length of 5.9 ± 
0.21 cm (Fig. 8) after 8 weeks of culture. L2 medium gave satisfactory results 
while B5 medium gave the poorest response for the various parameters 
evaluated. Moreover, shoots were much longer and more vigorous and 
produced more leaves and nodes in half strength MS and L2 medium than in 85 
medium. 
4.1.2.1.5. Effect of medium pH 
The effect of different pH of the medium (4.5, 5.0, 5.4, 5.8, 6.2 and 6.5) 
was also tested with half strength MS medium augmented with optimal 
concentration of BA (5.0 piM) and NAA (0.5 \xM). The optimal pH for shoot 
proliferation was found to be 5.8 (Fig. 9), although they grew well even at 6.2 
pH but gave poor response at lower levels (4.5 and 5.0 pH). 
4.1.2.2. Nodal segment 
Nodal segments isolated from 15 days old aseptic seedlings were used as 
explants. 
4.1.2.2.1. Effect of cytol<inins 
The morphogenetic responses of nodal explants to various cytokinins 
(BA, Kin and 2-iP) are summarized in table 10. No shoot induction was reported 
when nodal segments were cultured on growth regulator free MS medium. 
Explants remained fresh and green but failed to develop multiple shoots in 
control medium. When nodal segments were cultured on MS medium 
supplemented with different cytokinins; BA, Kin and 2-iP at varying 
concentrations (0.5, 2.5, 5.0, 7.5 and 10.0 nM), a differential response with 
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1/2MS 12 1/2L2 
Medium 
1/2B5 
Fig. 8. Effect of different media strength on shoot proliferation from 
CN explants of M. pruriens supplemented with BA (5.0 pM) 
and NAA (0.5 |JM). Bars represents the means ± SE. Bars 
denoted by the same letter within response variables are not 
significantly different (P = 0.05) using Duncan's multiple range 
test. Evaluation was made after 8 weeks of culture. 
^ 2 0 
I IS 
i 
t io 
Mean number of shoots 
Mean shoot len f^h 
Fig. 9. Effect of medium pH on shoot proliferation from CN explants 
of M. pruriens in half strength MS medium supplemented with 
BA (5.0 pM) and NAA (0.5 |JM). Bars represents the means ± 
SE. Bars denoted by the same letter within response variables 
are not significantly different (P = 0.05) using Duncan's 
multiple range test. Evaluation was mode after 8 weeks of 
culture. 
regard to shoot induction was observed. Swelling of the dormant axillary bud 
took place within 10 days followed by differentiation into multiple shoot bud in 
4 weeks. The histological sections confirmed the differentiation of shoot buds 
from nodal explant with well developed leaf primordia (Fig. 36A and B). All the 
concentrations of BA, Kin and 2-iP facilitated shoot bud differentiation, but BA 
being more efficient than other cytokinins as seen by the number and frequency 
of shoot formation after 4 weeks (Table 10). Among the various concentrations 
of cytokinin tested, BA (5.0 piM) showed the highest shoot regeneration 
frequency (81%), number of shoots (8.5 ± 0.57) and shoot length (4.5 ± 0.55 cm) 
(Fig. lOA and B). Shoots regenerated on BA and Kin supplemented medium 
showed better elongation than those regenerated on the medium containing 2-
iP which showed stunted growth. 
MS medium supplemented with 0.5 piM Kin induced 1.3 ± 0.20 shoots per 
explant within 4 weeks. On increasing its concentration upto 5.0 piM, the 
number of shoots per explant increased significantly (P = 0.05) and produced 
about 6.5 ± 0.37 shoots in 79% cultures (Fig. IOC). 
The nodal explant inoculated on MS medium supplemented with 5.0 [iM 
2-iP produced 4.5 ± 0.40 shoots in 75% cultures (Fig. lOD). All cultures were 
subcultured on fresh cytokinin containing MS medium after 2 weeks. The 
regeneration frequencies, number of shoots per explant and shoot length 
declined with an increase in cytokinin concentration beyond the optimal level. 
4.1.2.2.2. Effect of auxin and cytokinin combinations 
To study the combined effect of auxin and cytokinin, the optimal 
concentration (5.0 pM) of each cytokinin (BA, Kin and 2-iP) was tested in 
combination with lAA and NAA at different concentrations (0.1, 0.5 and 1.0 
pM). Addition of NAA with cytokinins markedly enhanced the shoot 
regeneration whereas BA, Kin, 2-iP and lAA combinations didn't significantly 
improve the parameters evaluated. Among all the cytokinin-auxin combinations 
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Explanation of Fig. lOA-D 
A. Direct shoot bud regeneration of M. pruriens from nodal segment on MS 
+ BA (5.0 piM). 
B. Four weeks old culture showing well developed leaves on MS + BA (5.0 
liM). 
C. Multiple shoot regeneration on MS + Kin (5.0 |iM) after 4 weeks of 
culture. 
D. Induction of multiple shoots from nodal explant on MS + 2-iP (5.0 \iM) 
after 4 weeks of culture. 

tried, the maximum percent regeneration (91%), number of shoots (16.8 ± 1.50) 
and shoot length (5.3 ± 0.32 cm) per explant were obtained at BA (5.0 \xW\) and 
NAA (0.5 |iM) combination after 8 weeks of culture (Table 11) (Fig. I IA ) . On 
increasing the concentration of NAA upto 1.0 piM, the regeneration frequency, 
number of shoots and shoot length per explant decreased. However, Kin (5.0 
^iM) + NAA (0.5 nM) produced 12.3 ± 1.01 shoots in 86% cultures (Fig. I IB) . 
MS medium augmented with optimal concentration of cytokinins and 
different concentrations of lAA (0.1, 0.5 and 1.0 piM) showed varying degree of 
regeneration response. Of the various BA, Kin, 2-iP-IAA combinations used, MS 
medium amended with BA (5.0 |iM) and lAA (0.5 \xM) produced better shoot 
regeneration frequency (87%), number of shoots (13.9 ± 1.09) and shoot length 
(4.8 ± 0.37 cm) (Table 12) (Fig. I IC). However, Kin (5.0 piM) and lAA (0.5 ^M) 
combination gave 9.6 ± 0.80 shoots in 84% cultures (Fig. I ID ) . 
2-iP in combination with lAA and NAA was found least effective as 
compared to BA or Kin combinations. Increased concentration of lAA (1.0 nM) 
suppressed the shoot regeneration and resulted in basal callusing. 
4.1.2.2.3. Effect of TDZ 
The morphogenetic response of nodal segment explants to different 
concentrations of TDZ (0.1, 0.3, 0.5, 0.8, 1.0 and 2.5 nM) is summarized in table 
13. All concentrations of TDZ facilitated shoot bud induction and their 
subsequent proliferation. Of the various levels of TDZ tested, 0.8 pM proved to 
be most effective and optimum for inducing maximum percent regeneration 
(77%), number of shoots (5.7 ± 0.28) and shoot length (3.4 ± 0.43 cm) after 4 
weeks of culture (Table 13) (Fig. 13A). On increasing the concentration of TDZ 
from 0.8 to 2.5 | iM, the number of shoots per explant was reduced. Similarly at 
lower concentration (0.1, 0.3 and 0.5 piM), the percent regeneration as well as 
number of shoots was drastically reduced. 
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Explanation of Fig. I IA-D 
A. Proliferation of shoots of M. pruriens from nodal explant on MS + BA (5.0 
piM) + NAA (0.5 |iM) after 8 weeks of culture. 
B. Shoot amplification of M. pruriens on MS + Kin (5.0 piM) + NAA (0.5 piM) 
after 8 weeks. 
C. Multiple shoot regeneration on MS + BA (5.0 piM) + lAA (0.5 nM). 
D. 8 weeks old culture showing healthy shoots of M. pruriens from nodal 
explant on MS + Kin (5.0 nM) + lAA (0.5 piM). 

After an induction period of 4 weeks, the shoot multiplication rate was 
increased when each responsive explant was transferred to a TDZ free MS basal 
medium. However, the cultures grown continuously on TDZ containing media 
formed fasciated and distorted shoots (Fig. 13B). Subculturing had a significant 
effect on shoot proliferation. The number of shoots and shoot length increased 
after every subculturing (Fig. 13C) and showed no sign of decline after fifth 
subculture passage (Fig. 12). The highest shoot multiplication (10.8 ± 0.84) and 
shoot length (5.5 ± 0.35 cm) were recorded at fifth passage (Fig. 13D). 
4.1.2.2.4. Effect of TDZ dosage and duration in liquid MS medium 
An experiment was also conducted to see the effect of nodal explants to 
TDZ supplemented liquid IVIS medium. The explants were cultured in liquid MS 
medium supplemented with TDZ at different concentrations (5.0, 25, 50, 75 and 
100 nM) on a rotary shaker at 100 rpm for 4, 8, 12 and 16 days (Table 14). After 
a defined duration, the explants were cultured onto MS basal medium for 
further growth and proliferation. The nodal segment failed to produce shoots 
on MS medium without TDZ. The explants cultured on the media containing 
different concentrations of TDZ for different duration of incubation showed 
initial bud break after one week. The range of percentage of shoot regenerating 
explants was 56-80% and the number of shoots formed per explant varied 
considerably and showed significant difference at different concentrations and 
duration of exposure to liquid MS medium followed by their transfer to MS 
semisolid medium. Among various concentrations and culture duration tested, 
highest shoot regeneration frequency (80%), mean number of shoots (12.0 ± 
1.76) and maximum shoot length (4.6 ± 0.43 cm) were recorded after 8 weeks 
at 50 \xM TDZ for 8 days culture duration (Fig. 14A, C and D). The explants 
cultured on TDZ supplemented liquid MS medium for 12 and 16 days showed 
reduction in all the parameters evaluated and the shoots appeared stunted and 
deformed (Fig. 14B). 
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Table 14, Effect of different concentrations and duration of culture on TDZ 
supplemented liquid MS medium followed by their transfer to MS 
basal semisolid medium on shoot formation from nodal explants of 
M. pruriens after 8 weeks of culture 
TDZ 
(HM) 
0.0 
5.0 
25 
50 
75 
100 
Culture 
duration (d) 
0 
4 
8 
12 
16 
4 
8 
12 
16 
4 
8 
12 
16 
4 
8 
12 
16 
4 
8 
12 
16 
% Regeneration 
0.0 
56 
61 
67 
60 
67 
72 
70 
63 
75 
80 
77 
70 
71 
74 
69 
66 
68 
71 
64 
61 
Mean number of 
shoots/explant 
o.o'' 
6.5 + 0.49^ '^^  
7.9 ±0.55^"'^ 
6.1 ± 0.46 '^^ ' 
5.9 ± 032^" 
S A ±0.75"'^^ 
9.6 ± 0.89"''' 
7.8 ± 0.69''"^^ 
6.9 ± 0.40^^ ^ 
10.4 ± 1.01'" 
12.0 ± 1.76' 
9.6 ± 0.66'"' 
7.4 ± 0.69"'" 
9.8 ± 0.81"''* 
10.0 ± 0.78'"' 
8.6 ± 0.63""* 
8.5 ± 0.40"^^ 
5.4 ± 0.63"'' 
6.6 ± 0.49^ "^ 
4.8 ±0.31'* 
4.1 ±0.23' 
Mean shoot 
length (cm) 
o.o" 
2.7 ± 0.26^^ 
3.1 ±0.40'*' 
2.5 ± 0.26^^  
2.2±0.20« 
3.7 ±0.26"'" 
4.0 ± 0.49'"' 
3.5 ±0.36"*' 
3.0 ± 0.26'*' 
4.1 ±0.46'"' 
4.6 ± 0.43' 
3.9 ± 0.26""* 
3.3 ±0.17"*' 
3.9 ± 0.52"'" 
4.2 ± 0.43'" 
3.7 ± 0.26"'" 
3.1±0.20"^ 
3.0 ±0.14'"' 
3.6 ± 0.57"'" 
3.1 ±0.23"' 
2.7 ± 0.20'^ 
Values represent means ± SE, Means followed by the same letter within 
columns are not significantly different (P = 0.05) using Duncan's multiple range 
test. 
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Fig. 12. Evaluation of morphogenetic potential of shoot culture fronn 
nodal explonts of M. pruriens obtained from TDZ (0.8 pM) after 
being tested for five subculture passages on growth regulator 
free MS medium. Bars represents the means ± SE. Bars 
denoted by the same letter within response variables are not 
significantly different (P = 0.05) using Duncan's multiple range 
test. 
Explanation of Fig. 13A-D 
A. Induction of slioot buds of M. pruriens from nodal segment on MS + TDZ 
(0.8 nM) after 4 weeks of culture. 
B. Fasciated and distorted shioots on TDZ containing MS medium after 8 
weeks. 
C. Shoot elongation and proliferation at second subculture on TDZ free MS 
medium. 
D. Shoot multiplication at fifth subculture passage. 

Explanation of Fig. 14A-D 
A. Four weeks old culture of M. pruriens showing multiple shoot induction 
from nodal segment on TDZ free MS medium after 8 days pretreatment 
of 50 nM TDZ. 
B. Stunted and malformed shoots developed from nodal explant on TDZ (50 
\xM) supplemented MS medium after 16 days pretreatment. 
C. Shoot multiplication on MS medium devoid of TDZ after 6 weeks. 
D. Ibid, after 8 weeks. 
1 
4.1.2.2.5. Effect of different media and strength 
The effect of different media and strength (MS, ViMS; L2, Vili, B5 and /2B5) 
were examined on shoot proliferation with an optimal combination of BA (5.0 
HM) and NAA (0.5 \xM). Proliferation of shoots was found best on half strength 
MS medium over others as it induced maximum number of shoots (23.3 ± 1.50) 
and shoot length (6.2 ± 0.37 cm) after 8 weeks. Half strength L2 medium too 
showed satisfactory results (20.7 ± 1.38 shoots) while B5 medium was found 
poorest where 16.9 ± 1.27 shoots with 4.9 ± 0.29 cm shoot length were 
recorded on half strength B5 medium (Fig. 15). 
4.1.2.2.6. Effect of medium pH 
The effect of different pH of medium (4.5, 5.0, 5.4, 5.8, 6.2 and 6.5) was 
tested on the half strength MS medium supplemented with 5.0 [iM BA and 0.5 
|iM NAA. At 4.5 medium pH, 2.9 shoots were induced with 1.9 ± 0.17 cm shoot 
length. On increasing the pH level, the number of shoots as well as shoot length 
increased and 5.8 was found to be optimal for shoot proliferation and 
elongation (Fig. 16). Multiplication was severely inhibited in more acidic media. 
4.1.3. Rooting 
4.1.3.1. In vitro rooting 
For in vitro rooting, 3-4 cm long healthy microshoots were transferred to 
MS, VzMS and >iMS medium supplemented with different concentrations of lAA, 
IBA and NAA (0.5, 1.0, 2.0 and 5.0 ^M) (Table 15). Half strength auxin free MS 
medium was found superior to full strength MS medium for root development. 
Presence of auxin in half strength MS medium facilitated better rhizogenesis. 
Among the three auxins (lAA, IBA or NAA) tested, root formation was most 
effective in IBA supplemented medium. There was satisfactory improvement in 
rooting as 88% of shoots rooted on half strength MS medium containing 2.0 piM 
lAA with 7.0 ± 0.40 number of roots per shoot and 5.1 ± 0.35 cm root length 
(Fig. 17A). The maximum frequency of root formation (92%), number of roots 
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Fig. 15. Effect of different media and strengtii on shoot proliferation 
from nodal explonts of M. pruriens supplemented with BA (5.0 
|JM) and NAA (0.5 pM). Bars represents the means ± SE, Bars 
denoted by the same letter within response variables are not 
significantly different (P = 0.05} using Duncan's multiple range 
test. Evaluation was made after 8 weeks of culture. 
30 
i 
£ 25 
§ 20 
t 15 
i 5 
I Mean number of shoots 
I Mean shoot length 
54 58 
Medium pH 
Fig. 16. Effect of medium pH on shoot proliferation from nodal 
explonts of M. pruriens in half strength MS medium 
supplemented with BA (5.0 pM) and NAA (0.5 pM). Bars 
represents the means ± SE. Bars denoted by the same letter 
within response variables are not significantly different (P = 
0.05) using Duncan's multiple range test. Evaluation was 
made after 8 weeks of culture. 
(7.8 ± 0.56) and root length (5.5 ± 0.17 cm) were achieved in half strength MS 
medium amended with IBA (2.0 piM) after 4 weeks of culture (Table 15) (Fig. 
17B). At the same concentration, NAA produced 6.3 ± 0.43 roots and 4.6 ± 0.44 
cm root length in 85% shoots. Higher concentration (5.0 \iM) of auxin inhibited 
rooting as it induced callusing at the proximal end of regenerated shoots. 
4.1.3.2. Ex vitro rooting 
Rooting was also carried out by ex vitro method. Ex vitro rooting was 
attempted as a means to decrease the micropropagation cost and also the time 
from laboratory to field. The basal portion of regenerated shoots were dipped in 
different concentrations of IBA (50,100, 150, 200, 250 and 300 jiM) for half an 
hour and subsequently planted in plastic pots containing sterile soilrite (Table 
16). The best results for rooting was recorded when shoots were dipped in IBA 
(200 piM) as it gave the maximum frequency of rooting (84%), number of roots 
(5.4 ± 0.51) and root length (4.6 ± 0.40 cm) after 4 weeks of transplantation (Fig. 
17C). 
4.1.4. Acclimatization 
In vitro and ex vitro rooted plantlets with 4-5 fully expanded leaves and 
well developed roots were successfully hardened off inside the growth room in 
a selected planting substrate for 4 weeks and eventually established in natural 
soil. Among the three different types of planting substrate examined, 100% of 
regenerated plants survived in soilrite (Table 17) (Fig. 18A) and about 90% 
survived following transfer from soilrite to natural soil in greenhouse and field 
conditions (Fig. 18B and C). There was no detectable variation among the 
potted plants with respect to morphological and growth characteristics and they 
were able to set flower and fruit normally (Fig. 18D and E). 
75 
C 
"C 
5 
O 
in 
• M 
O 
O 
JC 
to 
o 
u 
(U 
'S 
.c 
E 
o 
c 
u 
•D 
_C 
* J 
o 
o 
c 
o 
in 
c 
o 
+-> (0 
c 
O) 
u 
c 
o 
u 
c 
' x 
ro 
c u 
»- o 
•4-> 
V ) 
^1 
111 fO 
S E 
s ^ 
o 
o 
o o 
+1 +1 
vD q 
^ ^^  
ro 4-' 
(U O 
2 2 
o 
o 
C 
O) 
E 
• I - ' 
ro 
(U 
d d 
+1 +1 
G] 00 
r-i (N 
O LD 
in ^o 
to 
00 (N 
OJ u . -
(N 00 in cn 
CO CM CO ( N 
d d d d 
+1 +1 +1 +1 
CO 
rH rH lO 
^ Lfi r-i 
<u u 
•o ^ 
en un 
(N CO 
Q JZ 
n BO 
O CO 
o o o o 
+1 +1 +1 +1 
o 00 
in 
q r>> 
r»^  cvi 
O TH 00 O 
t ^ 00 00 ^ 
in q q q 
2- i £i "^  
< < < < 
< < < < + + + + 
to to CO to 
5 2 2 2 
(N (N Cvj CM 
rH rH t - l T-l 
f^ CO 
d d 
+ 1 - H 
U3 in in 00 
CO ^ Lfi rH 
o o 
+1 +1 
T3 IS n 01 
fN (D 00 
rH CO m CM 
d c6 <D d 
+1 -H +1 +1 
CO U3 CO 
^ U3 r< 
q 
cri 
r>. in (N CO 
1^ 00 en ^ 
in q q q 
d r-i rg in 
< < < < 
CO CQ CO CO 
+ + + + 
to to to to 
2 2 2 2 
fNj (N (N (N 
<u 
O U3 ^ r 
d d d 
-H -H +1 
q in U3 
fNJ CO 
o 
o 
+1 
^ rH 
^ T3 o J : 
u o ^ bo 
CM 00 CO CO 
CO i n ^ cvj 
d cS <D cS 
-H +1 -l-l -H 
q (N CO ^ 
CO in tx) (N 
00 00 in r^ 
ID r^ 00 CO 
in o o o 
d rH CM in 
< < < 
< < < 
+ + + + 
to to c/) to 
2 2 2 2 
(N (N fN <N 
in o 
d 
II 
c 
01 
l -
(U 
tfc 
C 
ro 
u 
i ^ 
' c 
.5? 
*(/) 
* j 
o 
c 
0) 
ro 
to 
c 
E 
o 
u 
_c 
Ic: 
(U 
+-> 
+-> 
<U 
E 
ro 
«/) 
• D 
O 
to 
c 
ro 4J 
2 5 
to c 
-H 2 
ro Q L 
E -5 
OJ to 
1/1 V 
S! S 
s^  i 
</> Q 
tt> tlO 
^ c 
ro "to 
> 3 
76 
Table 16. The efficiency of root induction from regenerated shoots of M. 
pruriens dipped in IBA solution for half an hour. Data were taken 
after 4 weeks of transplantation 
IBA 
(HM) 
% Rooting Mean number of 
roots/shoot 
Mean root 
length (cm) 
50 
100 
150 
200 
250 
300 
59 
65 
78 
84 
72 
60 
2.0 ±0.17' 
3.2 ±0.23' 
4.6 ±0.38' 
5.4 ±0.51' 
4.2±0.3l' 
2.7 ± 0.20' 
cd 
ab 
be 
de 
2.1 ±0.23' 
2.8 ± 0.34' 
4.1 ±0.23 
4.6 ± 0.40' 
3.9 ± 0.43 
3.2 ±0.29 
cd 
ab 
a be 
be 
Values represent means ± SE. Means followed by the same letter within 
columns are not significantly different (P = 0.05) using Duncan's multiple range 
test. 
t- * • -
Table 17. Evaluation of different planting substrates for hardening off in vitro 
raised plantlets of M. pruriens. Data were recorded after 4 weeks of 
transfer to planting substrates 
Planting 
Substrate 
Number of 
plants transferred 
Number of 
survived plants 
38 
60 
52 
% Survival 
63.3 ± 5.48' 
100.0 ±6.15' 
86.6 ±4.23" 
Garden soil 
Soilrite 
Vermiculite 
60 
60 
60 
Values represent means ± SE. Means followed by the same letter within 
columns are not significantly different (P = 0.05) using Duncan's multiple range 
test. 
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Explanation of Fig. 17A-C 
A. Rooted plantlet of M. pruriens in >2MS medium + lAA (2.0 nM). 
B. In vitro rooting of well developed regenerated shoot on 34MS + IBA (2.0 
HM). 
C. Ex vitro rooted plantlet on IBA (200 nM). 

Explanation of Fig. 18A-E 
A. Acclimatized plants of M. pruriens in soilrite after 4 weeks. 
B. Well establislied plants of M. pruriens grown in pots under greenhouse 
conditions after 3 months. 
C. 6 months old tissue culture raised plants of M. pruriens after transfer to 
field. 
D. & E. Flowering and fruiting branch of TC raised M. pruriens plant. 

4.1.5. Physiological and biochemical studies 
4.1.5.1. Changes in photosynthetic parameters 
Photosynthetic parameters viz.. Chlorophyll (Chi) a, Chi b, carotenoid and 
net photosynthetic rate (PN) were evaluated in regenerated plantlets of M. 
pruriens at 0 (control), 7, 14, 21 and 28 days of acclimatization. Contents of Chi 
a and Chi b showed an increasing trend over control plantlets. Chi a increased 
from 11 to 61% whereas Chi b was increased from 5 to 53% at 28 days of 
acclimatization when compared with control plantlets (Fig. 19). Carotenoid 
content was significantly dropped from 0 to 14 days and thereafter showed 
enhancement from 20 to 40% at 28 days of acclimatization. Net photosynthetic 
rate (PN) decreased to 17% at 7 days after transplantation against control 
plantlets and later PN was significantly increased in newly formed leaves after 7 
days of acclimatization (Fig. 19). 
4.1.5.2. Changes in enzymatic activities 
A differential pattern of superoxide dismutase (SOD) and catalase activity 
was observed in M. pruriens plantlets at 0 (control), 7, 14, 21 and 28 days of 
acclimatization (Fig. 20). SOD activity was increased significantly at day 7 over 
control plantlets and thereafter showed a decreasing trend whereas catalase 
activity showed an increasing trend during the whole experiment compared to 
control plants. 
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Fig. 19. Changes in photosynthetic pigments and net photosynthetic 
rate (PN) of micropropagated plantlets of M. pruriens during 
different days of acclimatization. Points represents means ± 
SE. Points denoted by the some letter within response 
variables are not significantly different (P = 0.05) using 
Duncan's multiple range test. 
7 14 21 
Acdrmatization penod (days^ 
28 
Fig. 20. Changes in superoxide dismutase and catalase activity of 
micropropagated plantlets of M. pruriens during different 
days of acclimatization. Points represents means ± SE. Points 
denoted by the same letter within response variables are not 
significantly different (P = 0.05) using Duncan's multiple range 
test. 
4.2. Ocimum basilicum L. 
4.2.1. Direct shoot regeneration 
4.2.1.1. Nodal segment explants 
4.2.1.1.1. Effect of cytol<inins 
Nodal segments with axillary bud isolated from mature field grown plants 
(Fig. 21A) when cultured on MS basal medium did not show any growth and 
eventually died but when inoculated on MS medium supplemented with various 
concentrations of BA, TDZ, Kin and 2-iP, multiple shoots were induced (Table 
18). Longitudinal sections of nodal explant showed differentiation of shoot bud 
with prominent apical dome and leaf primordia (Fig. 36C and D). Presence of 
cytokinins in the culture media positively influenced the regeneration system. 
Of all the four cytokinins tested, BA at most of the concentrations was more 
effective in shoot induction as compared to other cytokinins. The regeneration 
frequencies increased on increasing the concentrations of cytokinin. The highest 
shoot regeneration frequency (80%), number of shoots per explant (12.9 ± 1.23) 
and shoot length (4.4 ± 0.40 cm) was achieved on MS medium amended with 
BA (5.0 nM) after 4 weeks of culture (Table 18) (Fig. 21B and C). TDZ, Kin and 2-
iP were less effective as compared to BA. Of the various concentrations of TDZ 
used, 5.0 piM was found to be optimum for percent regeneration (78%), number 
of shoots (9.8 ± 0.80) and shoot length (4.0 ± 0.51 cm) (Fig. 26A). Any further 
increase in concentration from 7.5 to 10.0 |iM did not improve any parameters 
and suppressed regeneration frequency, number of shoots and shoot length. 
However, the number of shoots per explant was lower at the same 
concentration (5.0 piM) of Kin and 2-iP (Fig. 21D and E). 
4.2.1.1.2. Effect of cytoicinin-auxin combinations 
The combined effect of BA, Kin and 2-iP with two different auxins (lAA 
and NAA) on shoot regeneration was also evaluated. In O. basilicum, the initial 
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Explanation of Fig. 21A-E 
A. Nodal segments of Ocimum basilicum with axillary bud. 
B. Multiple shoot induction on MS + BA (5.0 |iM) after 4 weeks. 
C. Ibid. 
D. Multiple shoots from nodal explant on MS + Kin (5.0 piM). 
E. Induction of multiple shoots on MS + 2-iP (5.0 piM) after 4 weeks of 
culture. 
t if • 
stage of bud break required the presence of cytokinins at higher concentration 
(5.0 |iM) but their further growth and proliferation demanded transfer to a 
medium containing cytokinins at a relatively lower concentration (2.5 \xM). 
Enhancement of shoot multiplication was achieved in cytokinin-auxin 
combinations as evidenced by the response of nodal explants cultured on BA, 
Kin and 2-iP (2.5 |iM) with various concentrations of lAA and NAA (0.1, 0.5 and 
1.0 [iM) (Table 19 and 20). 
Among all cytokinin-auxin combinations tested, the maximum number of 
shoots per explant (16.4 ± 1.47) and shoot length (5.2 ± 0.48 cm) were obtained 
in 89% cultures at 2.5 \xM BA with 0.5 ^M lAA after 8 weeks of culture (Fig. 23A 
and B). This was considered as the optimal growth regulator combination for 
shoot proliferation. The same concentration of Kin and lAA and 2-iP plus lAA 
produced 12.3 ± 1.03 shoots (Fig. 23C) and 10.3 ± 0.81 shoots per explant 
respectively. Higher concentration of lAA (1.0 \xM) was not beneficial, as it 
resulted in callus formation at the base of explant (Table 19). Nodal segments 
cultured on MS medium supplemented with BA, Kin and 2-iP (2.5 pM) alongwith 
NAA (0.1, 0.5 and 1.0 |aM) also induced multiple shoots but at lesser frequency 
as compared to cytokinin + lAA combinations (Table 20). MS medium amended 
with BA (2.5 pM) and NAA (0.5 pM) produced 13.0 ± 1.44 shoots in 85% cultures 
with 4.6 ± 0.49 cm shoot length after 8 weeks of culture (Fig. 23D). Good 
proliferation of shoots was recorded in BA, Kin and NAA combinations than 2-iP 
+ NAA. 
4.2.1.1.3. Effect of subculturing in hormone free MS medium 
To test the effect of subculturing, the shoots regenerated from the MS 
medium supplemented with optimal concentration of TDZ (5.0 pM) were 
repeatedly subcultured on hormone free MS medium for further multiplication 
and elongation (Fig. 22 and 26B). Subculturing was done after every two weeks. 
However, cultures continuously grown on TDZ containing media formed 
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„ » 
Mean number of dxMts 
Mean shoot len^h 
1st 2nd 3rd 
aibculture 
Fig. 22. Evaluation of morphogenetic potential of shoot culture of 
nodal explants of O. bosilicum obtained from TDZ (5.0 pM) 
offer being tested for five subculture passages on growth 
regulator free MS medium. Bars represents the means ± SE. 
Bars denoted by the same letter within response variables are 
not significantly different (P = 0.05) using Duncan's multiple 
range test. 
Explanation of Fig. 23A-D 
A. & B. Multiplication of shoots of O. basilicum from nodal segment on MS + 
BA (2.5 nM) + lAA (0.5 \iM) after 8 weeks of culture. 
C. Shoot proliferation on MS + Kin (2.5 nM) + lAA (0.5 \iM) after 8 weeks. 
D. Multiple shoot regeneration and proliferation from nodal segment on MS 
+ BA (2.5 nM) + NAA (0.5 nM) after 8 weeks of culture. 

fasciated and distorted shoots. The number of shoots (14.1 ± 1.01) and shoot 
length (4.6 ± 0.40 cm) increased considerably from first to third subculture 
passage (Fig. 22), got stabilized at fourth and thereafter declined in subsequent 
passage. 
4.2.1.1.4. Effect of TDZ dosage and duration in liquid MS medium 
To see the effect of higher concentrations of TDZ on shoot induction, the 
nodal explants were cultured in liquid MS medium containing TDZ (5.0, 25, 50, 
75 and 100 piM) for 4, 8, 12 and 16 days (Table 21). No shoot formation took 
place when nodal segments were cultured on a liquid MS medium without TDZ. 
However, the explants exposed to 5.0 jiM TDZ for 4 days produced 3.3 ± 0.26 
shoots in 49% cultures. Among all the concentrations and duration of exposure 
to TDZ tested, 50 |iM TDZ for 8 days was found to be optimum for induction of 
maximum regeneration frequency (84%), number of shoots (14.8 ± 1.24) and 
shoot length (5.3 ± 0.32 cm) after 8 weeks of transfer to MS basal medium (Fig. 
26C and D). Further increase in doses of TDZ (75 and 100 |iM) and culture 
duration (12 and 16 days), resulted in reduced percent regeneration, number of 
shoots and shoot length. 
4.2.1.1.5. Effect of different media and strength 
The effect of different basal media (MS, ^MS; L2, Yzii; B5 and /2B5) 
supplemented with optimal concentration of BA (2.5 |iM) and lAA (0.5 \iM) on 
shoot proliferation was also evaluated. Proliferation of shoots was found to be 
best on half strength MS medium than on other media (Fig. 24). Shoots 
appeared much longer and more vigorous in MS and L2 medium than on B5 
medium. 
4.2.1.1.6. Effect of medium pH 
The effect of different pH of the medium (4.5, 5.0, 5.4, 5.8, 6.2 and 6.5) was also 
tested with half strength MS medium supplemented with BA (2.5 |iM) and lAA 
(0.5 nM). The optimum pH for shoot proliferation and elongation was found to 
be 5.8 (Fig. 25). Although the multiplication rate was satisfactory at 5.4 and 6.2 
pH, but at low level (4.5 and 5.0), a reduction in shoot proliferation was noticed. 
84 
Table 21. Effect of different concentrations of TDZ and duration of culture on 
TDZ supplemented liquid MS medium followed by their transfer to 
MS basal semisolid medium on shoot regeneration from nodal 
explants of 0. basilicum after 8 weeks of culture 
TDZ 
(HM) 
0.0 
5.0 
25 
50 
75 
100 
Culture 
duration (d) 
0 
4 
8 
12 
16 
4 
8 
12 
16 
4 
8 
12 
16 
4 
8 
12 
16 
4 
8 
12 
16 
% Regeneration 
0.0 
49 
56 
50 
44 
65 
76 
70 
63 
74 
84 
78 
70 
61 
72 
66 
58 
50 
64 
56 
49 
Mean number of 
shoots/explant 
o.o' 
3.3 ± 0.26''' 
5.2 ±0.43''' 
4.0 ± 0.32''"' 
3.0 ±0.29^ 
7.9 ± 0.40^^ 
10.1 ±0.86"^ 
8.5 ± 0.40'^ ^^  
7.0 ± 0.26'« 
10.6 ± 0.80' 
14.8 ± 1.24' 
12.210.95" 
9.7 ± 0.58''^  
6.9 ± 0.34^^ 
9.0 ± 0.35'*^ ^ 
7.4±0.38''« 
5.9 ± 0.46^'' 
4.0 ± 0.26'J'' 
4.8 ± 0.32'"' 
3.7 ± 0.26''"' 
2.610.17'' 
Mean shoot 
length (cm) 
O.O* 
1.9 ±0.17^' 
2.6 ± 0.23^ '^' 
2.1 ±0.17^''' 
1.4 ± 0.14' 
2.6 ± 0.35'^ '^  
3.9 ± 0.29''^  
2.5 ± 0.23^ '^' 
2.0 ± 0.20'^ ' 
3.3 ± 0.23'''^ 
5.3 ±0.32' 
4.6 ± 0.20'" 
3.7 ± 0.26"'' 
2.8 ± 0.40^ ^^  
4.0 ±0.14"' 
3.2 ± 0.20''^ 
2.3±0.14^^'' 
2.2 ± 0.17^ ^^  
2.9 ±0.14^^ 
2.4 ± 0.23^^ 
1.4 ±0.14' 
Values represent means ± SE. Means followed by the same letter within 
columns are not significantly different (P = 0.05) using Duncan's multiple range 
test. 
85 
„ 20 t 
i 
2 
1 10 
? 5 
Mean nimber of shoots 
Mean shoot len^h 
1/2MS L2 1/2L2 
Medium 
1/2B5 
Fig. 24. Effect of different media strength on shoot proliferation from 
nodal explants of O. basilicum supplemented with BA (2.5 
pM) and lAA (0.5 pM). Bars represents the means ± SE. Bars 
denoted by the same letter within response variables are not 
significantly different (P = 0.05) using Duncan's multiple range 
test. Evaluation was made after 8 weeks of culture. 
54 58 
Medium pH 
Fig. 25. Effect of different pH of the medium on shoot multiplication 
from nodal explants of O. bosilicum in half strength MS 
medium supplemented with BA (2.5 pM) and lAA (0.5 pM). 
Bars represents the means ± SE. Bars denoted by the some 
letter within response variables are not significantly different 
(P = 0.05] using Duncan's multiple range test. Evaluation was 
made after 8 weeks of culture. 
Explanation of Fig. 26A-D 
A. Induction of multiple shoots from nodal segment of 0. basilicum on MS + 
TDZ (5.0 |iM) after 4 weeks of culture. 
B. Shoot multiplication and elongation on growth regulator free MS 
medium after 4 weeks induction period in TDZ (5.0 nM). 
C. Induction of multiple shoots from nodal segment on MS basal medium 
after pretreatment with TDZ (50 |iM) for 8 days. 
D. Proliferation of shoots after 8 weeks. 

4.2.1.2. Shoot tip explants 
4.2.1.2.1. Effect of cytokinins 
Shoot tips from mature field grown plants were used as explants (Fig. 
27A). The morphogenetic response of shoot tip explants to various cytokinins 
(BA, TDZ, Kin and 2-iP) is summarized in table 22. No shoot induction was 
observed when shoot tip explants were cultured on hormone free MS medium. 
But when cultured on MS medium supplemented with different cytokinins- BA, 
TDZ, Kin and 2-iP, a differential response with regard to shoot induction was 
observed (Table 22). BA was found to be more effective than other cytokinins 
and 5.0 piM of each cytokinin was found as optimum for inducing multiple 
shoots. The frequency of shoot induction, number of shoots per explant and 
shoot length increased gradually with an increase in cytokinin concentration 
from 0.5 to 5.0 piM. MS medium containing BA (5.0 \iM) induced 9.9 ± 0.54 
shoots in 76% cultures with 4.0 ± 0.31 cm shoot length after 4 weeks of culture 
(Fig. 27B and C), while TDZ (5.0 ^M) produced 7.5 ± 0.58 shoots in 72% cultures 
(Fig. 30A) and Kin at the same concentration produced 6.8 ± 0.43 shoots in 69% 
cultures (Fig. 27D). The percent regeneration, number of shoots and shoot 
length declined with an increase in each cytokinin concentration beyond the 
optimal level. 2-iP at 5.0 \xM produced 5.2 ± 0.43 shoots in 65% cultures (Fig. 
27E). 
4.2.1.2.2. Combined effect of cytokinin and auxin 
Further enhancement of shoot multiplication was achieved, when lAA 
and NAA at different concentrations (0.1, 0.5 and 1.0 piM) were tested with MS 
medium supplemented with lower concentration of each cytokinin (2.5 pM). 
Addition of auxin enhanced the rate of shoot regeneration. Among all cytokinin-
auxin combinations used, maximum regeneration frequency (82%), number of 
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Explanation of Fig. 27A-E 
A. Shoot tips of O. basilicum procured from mature field grown plants. 
B. Induction of multiple shoots from shoot tip explant on MS + BA (5.0 \iM) 
after 4 weeks of culture. 
C. Ibid. 
D. Multiple shoots induced on MS + Kin (5.0 piM) after 4 weeks of culture. 
E. Direct shoot regeneration on MS + 2-iP (5.0 [iM) after 4 weeks of culture. 

shoots per explant (13.4 ± 1.20) and shoot length (4.9 ± 0.40 cm) was obtained 
in a combination of 2.5 uM BA with 0.5 [iM lAA after 8 weeks of culture (Table 
23) (Fig. 29B). The addition of NAA (0.1, 0.5 and 1.0 piM) alongwith cytokinins in 
the medium did not improve the parameters evaluated (Table 24) as compared 
to lAA and an average of 11.3 ± 0.77 shoots were produced at 2.5 \iM BA + 0.5 
piM NAA combination (Fig. 29A). 
4.2.1.2.3. Effect of subculture passage in hormone free MS medium 
The effect of subculture passage was also evaluated on shoot 
multiplication in MS medium supplemented with TDZ (5.0 \xM) after transfer to 
MS basal medium without TDZ (Fig. 30B). Shoots exposed to TDZ containing 
media for more than 4 weeks were deformed and distorted. The highest 
number of shoots per explant (12.4 ± 1.0) and shoot length (4.1 ± 0.32 cm) were 
achieved at third subculture passage, became stable at fourth passage and 
thereafter a gradual decline in number of shoots and shoot length was noticed 
(Fig. 28). 
4.2.1.2.4. Effect of shoot tip explants precultured in TDZ 
To see the effect of higher concentrations of TDZ and different culture 
duration, shoot tip explants were cultured in liquid MS medium supplemented 
with TDZ (5.0, 25, 50, 75 and 100 nM) on a rotary shaker at 100 rpm. For 
determining the optimal duration of exposure of the explants to the medium 
containing TDZ, the explants from each treatment were subcultured onto MS 
basal medium after 4, 8, 12 and 16 days (Table 25). The explants exposed to 
different concentrations of TDZ and duration showed bud break after one week 
of transfer to MS semisolid medium without TDZ. The optimal concentration 
and duration of TDZ for multiple shoot induction was 50 [xM for 8 days as it gave 
the highest shoot regeneration frequency (78%), mean number of shoots (11.6 
± 1.16) and shoot length (4.8 ± 0.43 cm) after 8 weeks of transfer to TDZ free 
MS medium (Fig. 30C and D). Explants exposed to TDZ for more than 8 days 
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Table 25. Effect of different concentrations of TDZ and of the duration of 
culture on TDZ supplemented liquid MS medium on shoot 
regeneration from shoot tip explants of O. basilicum, 8 weeks 
after transfer to MS basal medium 
TDZ Culture % Regeneration Mean Number of Mean shoot 
(|iM) duration (d) shoots/explant length (cm) 
0.0 0 0.0 O.O' O.O' 
5.0 4 
8 
12 
16 
25 4 
8 
12 
16 
50 4 
8 
12 
16 
75 4 
8 
12 
16 
100 4 
8 
12 
16 
Values represent means ± SE. Means followed by the same letter within 
columns are not significantly different (P = 0.05) using Duncan's multiple range 
test. 
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43 
52 
45 
39 
61 
72 
65 
60 
70 
78 
72 
67 
57 
68 
60 
55 
45 
59 
52 
41 
2.1 ±0.20'' 
4.7 ± 0.40^ ''' 
3.5 ± 0.30'*'' 
2.810.17*'' 
6.2 ± 0.61"^ '^' 
8.6 ± 0.70''''' 
7.6 ±0.46'''" 
6.4±0.37'^« 
9.4 ± 0.86"' 
11.6 ± 1.16' 
10.2 ± 0.98'" 
8.3 ± 0.68"^ 
5.7±0.46^«'^ 
7.1 ±0.55''"^ 
6.1±0.44"^«" 
4.6 ± 0.46^"' 
3.4 ± 0.30'*'' 
4.2 ± 0.37"'* 
3.0 ± 0.20*'' 
2.6 ±0.19'' 
1.3 ± 0.17^" 
2.3 ± 0.23''^ ^ 
1.8 ±0.12^^ 
1.0 ± O.IO" 
2.4 ± 0.18''"^  
3.5 ± 0.23"' 
2.7 ±0.17"'" 
1.3 ± 0.34^" 
3.0 ± 0.31""^ 
4.8 ± 0.43' 
3.7 ± 0.23" 
2.4 ± 0.24""^ 
2.5 ± 0.30""^ 
3.6 ±0.37" 
2.6 ± 0.29""^ 
1.9 ± 0.26"^ ^ 
2.0 ± 0.23''"^  
2.6 ± 0.35""^ 
1.9 ± 0.26"^ ^ 
1.3 ±0.17^" 
.20 
Mean number of shoots 
Mean sheet length 
2nd 3rd 
SUticulture 
Fig. 28. Effect of subculture passages on shoot culture of shoot tip 
explants of O. basilicum obtained fronn TDZ (5.0 |JM) on MS 
medium devoid of TDZ. Bars represents means ± SE. Bars 
denoted by the same letter within columns are not 
significantly different (P = 0.05) using Duncan's multiple range 
test. 
Explanation of Fig. 29A-B 
A. Shoot multiplication from shoot tip explant of O. basilicum on IVIS 
medium + BA (2.5 |iM) + NAA (0.5 |iM) after 8 weeks of culture. 
B. Proliferation of shoots on MS + BA (2.5 piM) + lAA (0.5 \iM) after 8 weeks 
of culture. 

Explanation of Fig. 30A-D 
A. Induction of multiple shoots of O. basilicum from shoot tip on MS + TDZ 
(5.0 |iM) after 4 weeks of culture. 
B. Shoot multiplication and elongation on MS basal medium after 4 weeks 
induction period in TDZ (5.0 |iM). 
C. Direct shoot regeneration from shoot tip explant on TDZ free MS medium 
after 8 days pretreatment of 50 \iM TDZ. 
D. Multiplication of shoots after 8 weeks. 

showed reduction in number of shoots. Moreover, shoots were stunted and 
deformed. Higher concentration of TDZ (100 nM) suppressed the regeneration 
frequency, number of shoots and shoot length as it induced callusing. The 
shoots induced from different treatments of TDZ were subcultured 4 times to 
MS medium devoid of TDZ for shoot multiplication at an interval of 2 weeks. 
4.2.1.2.5. Effect of different media strength and pH 
Different basal media and their strength (MS, ViMS; L2, /2L2; B5 and YiBs) 
with optimal concentration of BA (2.5 nM) and lAA (0.5 piM) were examined for 
enhanced shoot proliferation and elongation. The maximum shoot 
multiplication (13.4 ± 1.20) and shoot elongation (4.9 ± 0.40 cm) were achieved 
in half strength MS medium after 8 weeks of culture (Fig. 31). Half strength of 
each medium (MS, L2and 85) was found to be effective than full strength. L2 and 
85 medium gave poor response than MS medium. 
The effect of different pH (4.5, 5.0, 5.4, 5.8, 6.2 and 6.5) was also 
evaluated with half strength MS medium supplemented with optimal BA (2.5 
|iM) and lAA (0.5 \xM) combination. Shoots developed well at 5.4, 5.8 and 6.2 
but not at lower pH levels (Fig. 32) and maximum multiplication rate was 
recorded at pH 5.8. 
4.2.2. Rooting 
4.2.2.1. In vitro rooting 
The in vitro regenerated shoots (4-5 cm) were transferred to MS medium 
supplemented with lAA, IBA and NAA at different concentrations (0.1, 0.5, 1.0, 
1.5 and 2.0 |iM) for rooting (Table 26). Of the three auxins tested, IBA was the 
most effective than NAA and lAA. The rooting frequency varied from 60-87% 
depending upon the auxin used. 0.1 \xM IBA induced 2.9 ± 0.34 roots in 70% 
shoots. On increasing its concentration, the rooting frequency was also 
increased. The maximum frequency of root formation (87%), number of roots 
(6.9 ±0.34) and root length (5.2 ± 0.40 cm) was achieved in a medium 
92 
.c^^vf 
<u 
TO 
E 
E 
U1 
5 
O 
O 
(A 
•M 
o 
o 
o 
o 
o 
C 
03 
<u 2 
E 
u 
:£ QO 
C 
C) 
<u 
J3 4-' 
I-
0) O 
2 2 
T3 
<U 
.!2 
'ro i _ 
o k . 
4.1 
'S 
c 
E 
o 
c 
o 
'•>-> 
u 3 
• D 
C 
-t-i 
o 
o L-
c 
o 
to 
c 
'x 
3 
(D 
4-> 
c 
1 -
01 
tt 
TO 
<4-
o 
+-' 
u 0) 
UJ 
KD 
(M 
Oi 
^ 
n 
3 
U 
M -
O 
(O 
.^ OJ 
(U 
$ 
(N 
bo 
c 
'*-> 
o o 
a: 
^ 
f i 
— 
c 
3 
< 
< 
< 
< 
CD 
< 
< 
OJ 
^ M) M u Q (N 
TH 
Mr-
01 
T3 
in fN 
ttf 
*? 
m fN 
•£ 
T3 
o 
o <N 
^ O 
no 
01 
u 
^ V£> 
fM 
oo 
•Sr 0) 
o CM 
io (N m vo «* o> [^ o ( N n n ( N ( N p n < N r o ^ 
d d d d d d d d d 
+1 +1 +1 +1 +1 +1 +1 +1 +1 
< N O O ^ ' ! t i n r ^ v £ > ( N » - j ( N i n r o i n o q a ; ( N r n r o f Y i ( N < N f r i L n T t r o < N r n ^ r o ( N 
o o o o o o 
+1 +1 +1 +1 +1 +1 
T3 
U3 
01 u nj ^ (J 
^ PO OJ 
m (N m <N on CM ro CM CO •* d d d d d d d d d 
o 
d 
^ 00 
00 fvj 00 
d c5 (6 
•a (V O 
+1 +1 +1 +1 +1 +1 +1 +1 +1 +1 +1 +1 +1 
t^ If) IT) CO CO o) m C) O) < 
^ 
r>; 00 en 00 
(N 00 ui ^ 
d 
+1 
r> 
en 
o o m c N L n o L n r ^ r H r ^ m r o O L n C T i ( X ) r ^ r ^ r ^ u ) r ^ r ^ o o o o i ^ i D t ^ o o t ^ u > 
«H Ln o 
d d «-i 
T H LD O 
d d r-i 
in o 
r-i ONJ 
tH m o m p 
d d r-i rH (N 
in o 
d 
II 
c 
(U 
di 
• o 
_>• 
c 
ro 
u 
'c 
.5P 
4-' 
o 
c 
O) 
l _ 
TO 
01 
c 
E 
_3 
o 
u 
_c 
Jc 
•M 
5 
01 
4-> 
4-" 
_0J 
a> E 
ro 
in 
01 
>> 
• D 
$ 
O 
c 
0) 
^ 
ui i n 
-H 
10 
c (D 
o; 
E 
4-' 
c 0) 
10 
0) 
1 _ Q. 
CO 
(U 
_3 
ro 
> 
, 4 - ' 
4-1 
o; 00 
c 
ro 
i -
0) 
Q. 
'•t-> 
3 
E 
to 
"c 
ro 
u 
c 
3 
O 
bjO 
_c 
"to 
3 
93 
- 20 
i 
5 I 
t 10 
Mean number of shoots 
Mean shoot len^h 
Fig. 31 
Fig. 32. 
Effect of different media on shoot proliferation from shoot tip 
explants of O. bosilicum supplemented with BA (2.5 gM) and 
lAA (0.5 |JM). Bars represents the means ± SE. Bars denoted by 
the same letter within response variables are not significantly 
different fP = 0.05} using Duncan's multiple range test. 
Evaluation was made after 8 weeks of culture. 
- , 20 
Mean number of shoots 
Mean ^ ncA len^h 
Effect of different pH of the medium on shoot proliferation 
from shoot tip explants of O. bosilicum in half strength MS 
medium supplemented with BA (2.5 pM) and lAA (0.5 pM). 
Bars represents the means ± SE. Bars denoted by the same 
letter within response variables are not significantly different 
(P = 0.05} using Duncan's multiple range test. Evaluation was 
made after 8 weeks of culture. 
containing IBA (1.0 \iM) after 2 weeks of culture (Fig. 33B). MS medium 
supplemented with 1.0 \xM NAA produced 5.9 ± 0.23 roots with 4.5 ± 0.30 cm 
root length in about 80% shoots (Fig. 33A). 
4.2.2.2. Ex vitro rooting 
Rooting was also carried out by ex vitro method. The basal portion of 
regenerated shoots were dipped in different concentrations of IBA (50, 100, 
150, 200, 250 and 300 piM) for half an hour and subsequently planted in plastic 
pots containing sterile soilrite (Table 27). Among all the concentrations of IBA 
tested, 150 |iM was found to be best for ex vitro rooting as it induced 5.6 ± 0.27 
roots in about 82% shoots with 4.8 ± 0.35 cm root length after 4 weeks of 
transplantation (Fig. 33C). 
4.2.3. Acclimatization 
Rooted plantlets {in vitro and ex vitro) with 5-6 fully expanded leaves and 
well developed roots were transferred to pots containing sterile garden soil, 
soilrite and vermiculite and hardened off in a growth chamber for 4 weeks (Fig. 
34A). After 4 weeks, the micropropagated plants were planted in earthen pots 
containing garden soil and maintained in greenhouse (Fig. 34B). Among the 
different planting substrate examined, soilrite was most effective where 95.0 ± 
6.06 plantlets survived (Table 28). The regenerated plants exhibited 
morphological characteristics similar to those of the source plant and grew well 
in field conditions (Fig. 34C). 
4.2.4. Synthetic seed 
4.2.4.1. Effect of encapsulation matrix 
Calcium alginate beads with entrapped nodal segment differed 
morphologically in respect to texture, shape and transparency with different 
concentrations of sodium alginate (2, 3, 4 and 5%) and calcium chloride (25, 50, 
75 and 100 mM). Encapsulation of nodal segments was affected by the 
concentration of sodium alginate and calcium chloride. The presence of 3% 
94 
Table 27. Effect of different concentrations of IBA on ex vitro root induction 
from in vitro regenerated shoots of 0. basiiicum after 4 weeks of 
transplantation 
IBA 
(jiM) 
% Rooting Mean number of 
roots/shoot 
3.9 ± 0.20' 
4.710.28" 
5.6 ± 0.27' 
5.0 ± 0.34" 
4.510.19"' 
3.5 ±0.22*^ 
Mean root 
length (cm) 
3.6 ±0.12"' 
4.2 ± 0.48" 
4.8 ± 0.35' 
3.7 ± 0.24"' 
2.9 ±0.22' 
2.3 ±0.10" 
50 
100 
150 
200 
250 
300 
60 
76 
82 
79 
68 
54 
Values represent means ± SE. Means followed by the same letter within 
columns are not significantly different (P = 0.05) using Duncan's multiple range 
test. 
Table 28. Evaluation of different planting substrates for hardening off in vitro 
raised plantlets of 0. basiiicum. Data were recorded after 4 weeks 
of transfer to planting substrates 
Planting substrate Number of plants 
transferred 
Number of 
survived plants 
30 
38 
33 
% Survival 
75.0 ± 4.24' 
95.0 ± 6.06' 
82.5 ±5.14' 
Garden Soil 
Soilrite 
Vermiculite 
40 
40 
40 
Values represent means ± SE. Means followed by the same letter within 
columns are not significantly different (P = 0.05) using Duncan's multiple range 
test. 
95 
Explanation of Fig. 33A-C 
A. Rooted plantlet of 0. basilicum on MS + NAA (1.0 piM), 2 weeks old 
culture. 
B. In vitro rooting in regenerated shoot of O. basilicum on MS + IBA (1.0 
HM) after 2 weeks of culture. 
C. fx vitro rooting in microshoots of O. basilicum dipped in IBA (150 piM) for 
half an hour. 

Explanation of Fig. 34A-C 
A. Hardened plantlets of O. basilicum in growth chamber after 4 weeks. 
B. Acclimatized plants in greenhouse after 8 weeks. 
C. Micropropagated plants in field conditions after 6 months. 

sodium alginate and 75 mM calcium chloride was found most suitable for 
synthetic seed production (Fig. 35A) and subsequent conversion of 
encapsulated nodal explants into plantlets. Higher concentration of sodium 
alginate (4 and 5%) and calcium chloride (100 mM) inhibited the conversion of 
encapsulated nodal explants v\/hereas lower concentration of sodium alginate 
(2%) and CaCl2 2H2O (25 and 50 mM) not only prolonged the ion exchange 
(polymerization) duration but also resulted in the formation of fragile calcium 
alginate beads that were difficult to handle. 
The duration of exposure to CaCl2. 2H2O. also significantly affected the 
germination frequency from encapsulated nodal segments. The highest 
frequency of plantlet regeneration was obtained when the bead coated in 3% 
sodium alginate were submerged for 20 min. in 75 mM CaCl2. 2H2O. The beads 
formed after 20 min. were firm and solid. However, 30 min. exposure to 
CaCl2.2H2O formed very hard beads and a lower percentage of conversion into 
plantlets were achieved. 
4.2.4.2. Plantlet development from alginate encapsulated nodal segment 
In vitro response of the encapsulated nodal segments is summarized in 
table 29. In all six different media i.e. MS, >iMS and half strength MS medium 
supplemented with different concentrations of BA (2.5, 5.0, 7.5 and 10.0 nM) 
and lAA (0.5 |iM), shoots emerged from the encapsulated nodal segment, 
breaking the capsule wall within 2-4 weeks (Fig. 35B and C) with different 
conversion frequency. Half strength MS medium supplemented with BA (5.0 
HM) and lAA (0.5 piM) gave the maximum frequency (80%) of conversion of 
encapsulated nodal explants into plantlets with maximum of 7.9 ± 0.54 shoots 
after 8 weeks of culture. Both root and shoot formation took place in the same 
medium (Fig. 35D) but roots developed here were very thin and difficult to 
handle. Individual shoots were rooted well on MS medium amended with IBA 
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(1.0 nM). Higher concentrations of BA (7.5 and 10.0 piM) decreased the 
conversion frequency of encapsulated beads into plantlets. 
4.2.4.3. Effect of different storage duration on conversion of encapsulated 
nodal segment 
The encapsulated nodal segments were stored at 4 °C for 1, 2, 3, 4, 5 and 
6 weeks (Table 30). The synthetic seeds stored at 4 "C for a period of 4 weeks 
resulted in maximum conversion frequency (90%) with an induction of 10.6 ± 
0.65 shoots after 8 weeks of culture (Fig. 35E) under in vitro conditions on half 
strength MS medium supplemented with BA (5.0 \xM) and lAA (0.5 (iM). 
However, as storage period increased beyond 4 weeks, a decline in conversion 
response was recorded. 
4.2.4.4. Transfer of plantlets to pots 
Rooted plantlets with four to five fully expanded leaves, retrieved from 
encapsulated nodal segments were transferred to plastic pots containing sterile 
soilrite and covered with transparent polythene bags inside the plant growth 
chamber for 2 weeks (Fig. 35F). After one month, these were transferred in 
earthen pots containing garden soil and maintained in greenhouse where they 
grew normally. 
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Explanation of Fig. 35A-F 
A. Calcium alginate beads of O. basilicum formed by the encapsulation of 
nodal segments using 3% sodium alginate and 75 mM CaCl2.2H20. 
B. & C. Shoot emergence from encapsulated nodal segments on YzMS + BA 
(5.0 nM) + lAA (0.5 \xM) after 2 and 4 weeks of culture. 
D. Plantlet regeneration from synthetic seed on the same medium. 
E. Shoot multiplication of cultures obtained from synseed of O. basilicum 
after 4 weeks storage period on VzMS + BA (5.0 pM) + lAA (0.5 pM). 
F. Acclimatized plantlets of O. basilicum derived from synseeds. 

Explanation of Fig. 36A-D 
A. Longitudinal section showing differentiation of multiple shoot buds 
(arrow) from nodal explant of M. pruriens. 
B. Shoot bud with well developed leaf primordia (arrow). 
C. Section showing shoot bud present in axil. 
D. Shoot bud with well developed leaf primordia from nodal explant of O. 
basilicum (arrows). 
i 
4.2.5. Physiological and biochemical studies 
4.2.5.1. Changes in photosynthetic parameters 
The photosynthetic pigments of 0. basilicum decreased during Initial 
days of acclimatization but later showed an increasing trend. Content of Chi a 
and Chi b was decreased to 14% and 15% respectively over control plants at 7 
days of acclimatization but thereafter an increase in content of Chi a from 17 to 
37% and Chi b from 10 to 35% at day 28 of acclimatization as compared to 
control plantlets was recorded (Fig. 37). Carotenoid content decreased at 7 days 
and was higher at 28 days of acclimatization against control (0 day) plantlets (17 
to 36%) (Fig. 37). Leaves developed in vitro had low net photosynthetic rate 
(PN). However, after acclimatization ex vitro, P^ further decreased within 7 days. 
New leaves produced on subsequent days resulted in an increased net 
photosynthetic rate at day 28 of acclimatization (Fig. 37). 
4.2.5.2. Changes in enzymatic activities 
Acclimatized plantlets of O. basilicum showed a time dependent increase 
in both superoxide dismutase (SOD) and catalase activity (Fig. 38). Changes in 
SOD activity was observed during the first 14 days after transplantation and 
reached maximum at 28 days of acclimatization. However, catalase activity 
increased significantly during 0 (control) to 28 days of acclimatization. 
100 
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Fig. 37. Changes in photosynthetic pignnents and net photosynthetic 
rate (PN) of micropropagated plantlets of O. basilicum during 
different days of acclimatization. Points represents means ± 
SE. Points denoted by the same letter within response 
variables are not significantly different (P = 0.05) using 
Duncan's multiple range test. 
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Fig. 38. Changes in superoxide dismutase and catalase activity of 
micropropagated plantlets of O. basilicum during different 
days of acclimatization. Points represents means ± SE. Points 
denoted by the same letter within response variables ore not 
significantly different (P = 0.05) using Duncan's multiple range 
test. 
Q/)iAeaiA6lo^ 
Chapter-5 
DISCUSSION 
Biotechnology has offered enormous potential for plant improvement 
and has become increasingly important at the global level. It offers nev\/ 
technologies for sustainable development and utilization of natural resources 
since many prized medicinal plants are facing the threat of extinction due to 
over-exploitation and unsustainable utilization. The application of molecular 
approaches with medicinal plants would also benefit from the development of 
cell, tissue and organ culture systems for in vitro growth and regeneration of 
medicinal plants. Tissue culture technology could be a cost effective means of 
high volume production of the elite planting material throughout the year 
without any seasonal constraints and play an important role in the preservation 
and micropropagation of germplasm that is rare, endangered or on the brink of 
extinction. In vitro propagation offers a viable tool for mass propagation and 
germplasm preservation of many medicinal and aromatic plants (Arora and 
Bhojwani 1989; Sudha and Seeni 1994; Pattnaik and Chand 1996; Amo Marco 
and Ibanez 1998; Faisal and Anis 2003; Anis and Faisal 2005; Siddique and Anis 
2007a and c). 
Different pathways of in vitro morphogenesis have been developed not 
only to achieve faster propagation, but also to unravel intricacies involved in 
these processes. Miller and Skoog (1953) studied the role of plant growth 
regulators in in vitro morphogenesis in plants. The cytokinin to auxin ratio in the 
culture medium was shown to be an important factor in deciding the pathway 
of morphogenesis followed by the culture tissues. Besides PGRs, other factors 
like composition of medium, temperature, pH and light have also been shown 
to play an important role in the regulation of morphogenesis (De Fossard et al. 
1974; Murashige 1974; Rout et al. 2000a; Rati et al. 2006). The present study 
was contemplated to optimize these elements for in vitro propagation of two 
medicinally and aromatically important plant species i.e. l\/lucuna pruriens and 
Ocimum basilicum. The results achieved during the present investigation have 
been discussed in the light of existing literature. 
5.1. Seed germination 
The seeds of M. pruriens germinated well on MS basal medium. The rate 
of seed germination was improved when salts of MS medium reduced to half 
and 82.5% germination was recorded on half strength MS medium. 
Incorporation of GAadid not improve the germination percentage in the present 
study (Data not shown). This is in contrast to findings of Saba et al. (1997), Anis 
et al. (2005), Husain et al. (2008) where GA3 has been reported to enhance the 
seed germination percentage. 
5.2. Direct plant regeneration 
Multiple shoot formation is a very vital stage in micropropagation. The 
number of shoots produced determines the multiplication rate which in turn 
influences the feasibility for successful commercial micropropagation. The most 
important technique in micropropagation is meristem proliferation wherein 
apical buds or nodal segments harbouring an axillary bud are cultured to 
regenerate multiple shoots without any intervening callus phase. From a 
practical point of view, propagation from existing meristem is not 
technologically difficult and it yield plants that are genetically identical with the 
donor plants (Hu and Wang 1983; Rout et al. 2000a; Rati et al. 2006). 
Micropropagation of M. pruriens and 0. basilicum has been achieved through 
rapid proliferation of cotyledonary node (CN), nodal segment and shoot tip 
explants in culture. The performance of nodal segment was much better than 
CN and shoot tip explants in the present study. 
102 
Cytokinins can induce different cellular responses and their effects may 
differ according to both genotype sensitivity to a specific cytokinin and cytokinin 
activity, the latter depending on the cytokinin potential in stimulating cell 
division in axillary or adventitious meristems. It is known that cytokinins such as 
6-benzyladenine (BA), Kinetin (Kin), 2-isopentenyl adenine (2-iP) and thidiazuron 
(TDZ) can differ appreciably in the regeneration response they induce (Fiola et 
al. 1990; Huetteman and Preece 1993; Khanam et al. 2000; Tiwari et al. 2001; 
Siddique and Anis 2008). In the present investigation, I have evaluated the 
morphogenetic responses of CN & nodal explants of M. pruriens excised from 
aseptic seedlings and nodal & shoot tip explants of 0. basilicum obtained from 
field grown plants to various cytokinins (BA, Kin and 2-iP). In both M. pruriens 
and 0. basilicum, BA at most of the concentrations tested was more effective in 
shoot induction as compared to Kin and 2-iP and 5.0 \xM was found to be 
optimum for inducing maximum number of shoots. The stimulating effect of BA 
on bud break and multiple shoot formation has been reported earlier for 
several medicinal plants viz., Pogostemon cablin (Kukreja et al. 1990), Wittiania 
somnifera (Sen and Sharma 1991), Chlorophytum borivilianum (Purohit et al. 
1994), Ocimum spp. (Pattnaik and Chand 1996), Psoralea corylifolia (Saxena et 
al. 1997), Ocimum basilicum (Sahoo et al. 1997; Begum et al. 2002; Siddique and 
Anis 2008), Cucumis melo (Keng and Hoong 2005) and Mucuna pruriens (Faisal 
et al. 2006a and b). This is in contrast to earlier report on M. pruriens where 2-iP 
was effective for induction of shoot buds (Chattopadhyay et al. 1995). Any 
further increase in concentration from 5.0 jiM to 10.0 nM in both the plants did 
not improve any parameters and suppressed regeneration frequency, number 
of shoots and shoot length. Reduction in number of shoots generated from each 
explant at cytokinin concentration higher than the optimal level was also 
reported by Kukreja et al. (1990), Sen and Sharma (1991), Vincent et al. (1992), 
Siddique etal. (2006). 
103 
In M. pruriens, the effect of various auxins (lAA and NAA) with optimal 
concentration of cytol<inins was found to be significant. The lower 
concentration of auxin with higher concentration of cytokinin was promising for 
induction and multiplication of shoots. Addition of NAA at low concentration 
(0.5 ^M) significantly (P=0.05) enhanced the rate of shoot regeneration and MS 
medium supplemented with 5.0 piM BA alongwith 0.5 piM NAA was found to be 
optimal for shoot multiplication. My results have clearly established consistency 
with other findings where the addition of NAA alongwith BA promotes the 
proliferation and elongation of shoots in Petasites hybridus (WIdi et al. 1998), 
Gentiana kurroo (Sharma et al. 1993), Hardwickia binata (Singh and Chand 
2002), Sophora flavescens (Zhao et al. 2003), Ocimum basilicum (Dode et al. 
2003) and Eclipta alba (Husain and Anis 2006a). This is in contrast to reports of 
Barna and Wakhlu (1988) in Plantago ovata and Pattnaik and Debata (1996a) in 
Hemidesmus indicus where Kin and NAA combination was most effective for 
shoot proliferation. Considerable success has also been achieved in in vitro 
micropropagation of O. basilicum by cytokinin and auxin combination. It is 
apparent that in O. basilicum, the initial stage of bud break required the 
presence of a cytokinin at a higher concentration (5.0 piM) but further growth 
and proliferation demanded transfer to a medium containing cytokinin at a 
relatively low concentration (2.5 piM). Similar result has also been reported 
earlier in O. basilicum (Sahoo et al. 1997). Both nodal and shoot tip explants 
collected from field grown plants of O. basilicum showed best response on MS 
medium supplemented with 2.5 piM BA + 0.5 piM lAA. Results obtained here 
have showed the similarity with other findings where lAA promotes the multiple 
shoot proliferation (Ajithkumar and Seeni 1998; Rout et al. 1999; Singh and 
Sehgal 1999; Siddique and Anis 2006, 2007a). 
Thidiazuron (TDZ-N-phenyl N'-l, 2, 3-thidiazol-5-yl urea), a substituted 
phenyl urea derivative has a non purine structure but has strong cytokinin like 
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activity. It induces diverse morphogenic responses ranging from tissue 
proliferation to induction of shoot buds and somatic embryos (Huetteman and 
Preece 1993). Apart from its cytokinin like activity, TDZ has been suggested to 
modulate endogenous level of auxin. However, it remains to be resolved 
whether it has auxin activity or if it is involved in auxin metabolism (Yi 1993). In 
the present study, various explants of M. pruriens (cotyledonary node & nodal 
segment) and O. basilicum (nodal & shoot tip explants) were cultured on 
different concentration of TDZ. Of the various levels of TDZ tested, 0.8 \iM in M. 
pruriens and 5.0 piM in O. basilicum proved to be effective and optimum for 
inducing maximum percent regeneration, number of shoots and shoot length. 
The effectiveness of TDZ in shoot bud differentiation has been documented in 
number of plants (Malik and Saxena 1992; Huetteman and Preece 1993; 
Kanyand et al. 1994; Tiwari et al. 2001; Faisal et al. 2005a; Faisal and Anis 2006; 
Siddique and Anis 2007c). On lowering and increasing the concentration of TDZ 
beyond the optimal level, the percent regeneration as well as number of shoots 
per culture was reduced. A reduction in number of shoots generated from each 
explant at TDZ concentration higher than the optimal level was also reported in 
Hypericum perforatum (Murch et al. 2000), Arachis correntina (Mroginski et al. 
2004), Rauvolfia tetraphylla (Faisal et al. 2005a), Cassia angustifolia (Siddique 
and Anis 2007c) and Vitex negundo (Ahmad and Anis 2007a). Shoot buds 
induced on TDZ containing media did not elongate and resulted in a rosette of 
shoots when continued to be cultured on the same medium. TDZ commonly 
stimulate shoot proliferation but inhibit their elongation. Inhibition of shoot bud 
elongation by TDZ may be consistent with its high cytokinin like activity. The 
deleterious effect of continued presence of TDZ on the growth and 
multiplication of Chickpea (Murthy et al. 1996), Rauvolfia tetraphylla (Faisal et 
al. 2005a), Capsicum annuum (Ahmad et al. 2006) and Cassia angustifolia 
(Siddique and Anis 2007a and b) has been well documented In literature. 
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The problem of shoot elongation and proliferation was overcome by 
transfer of shoot clusters to a secondary medium lacking TDZ where the 
multiple shoots elongated and proliferated further after every subculture. 
Subculturing had a significant effect on shoot growth and it differs from one 
species to another. In M. pruriens, the rate of shoot multiplication per explant 
continued to increase through five subculture passages without any sign of 
decline. Similar result was recorded in Aegle marmelos (Ajithkumar and Seeni 
1998). However, in O. basilictim, the rate of shoot multipUcation per exp\ar\t 
increased during the first third culture passage, it became stable during fourth 
passage and beyond which a gradual decline in multiplication rate was noticed. 
Present results are in accordance with the findings of Tiwari et al. (2001), 
Siddique and Anis (2007a and c, 2008). This is probably due to the capacity of 
TDZ in stimulating endogenous cytokinin biosynthesis or in altering cytokinin 
metabolism (Sankhia et al. 1994; Zhou et al. 1994; Li et al. 2000; Ahmad et al. 
2006; Siddique and Anis 2007c). 
Experiments were also conducted to assess the potential of higher 
concentration of TDZ on the multiple shoot induction in a liquid medium by 
culturing various explants of M. pruriens and O. basilicum for 4, 8, 12 and 16 
days followed by their transfer to MS semisolid medium without TDZ. In the 
present investigation, a new strategy of pretreatment of various explants was 
tried to improve the shoot induction further. Explant pretreatment had a 
significant effect on shoot induction. The optimal concentration and duration of 
TDZ for induction of shoots in both the plants investigated was 50 piM for 8 days 
as it gave the highest shoot regeneration frequency, number of shoots and 
shoot length after 8 weeks of transfer to TDZ free MS medium. The 
effectiveness of short term exposure and stimulating effect of TDZ on bud break 
and multiple shoot formation has been reported earlier for several medicinal 
and aromatfc p/ant spedes fncfuding Hypericum perforatum (Murch et af. 20001 
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Arachis correntina (Mroginski et al. 2004), Curcuma longa (Prathanturarug et al. 
2005), Ocimum basilicum (Siddique and Anis 2007b), and Curcuma orchioides 
(Thomas 2007). It is suggested that TDZ may be needed as a trigger for initiating 
the proliferation of shoot meristems and further incubation on TDZ free MS 
medium led the explants to further development (Khalafalla and Hattori 1999). 
Explant which remained on the TDZ supplemented medium beyond 8 days of 
incubation (12 and 16) showed reduced number of shoots which appeared 
stunted and deformed. Similar deformities have also been reported by 
Prathanturarug et al. (2005), Thomas (2007). 
During the present investigation, different basal media i.e. MS, ViMS; B5, 
YiBs; L2 and Yili with optimal concentration of cytokinin + auxin combination 
were examined in both M. pruriens and 0. basilicum. The half strength MS 
medium was found to be the most suitable for maximum shoot induction and 
proliferation. The results indicate that salt formulation in media influences 
shoot regeneration. Similar results were obtained in Glycine max (Kaneda et al. 
1997) and Dionaea muscipula (Jang et al. 2003). 
It is well known that pH of the medium also affects nutrient uptake and 
shoot proliferation (Parliman et al. 1982). Therefore, I have investigated the 
effect of different pH of the medium (4.5, 5.0, 5.4, 5.8, 6.2 and 6.5) with /zMS 
supplemented with optimal cytokinin and auxin combinations in both M. 
pruriens and O. basilicum. The optimum pH for shoot proliferation was found to 
be 5.8 in both the plants. These observations are in agreement with the findings 
of Siddique and Anis (2007a) where maximum number of shoots was recorded 
at 5.8 pH level in Cassia angustifolia. 
5.3. Rooting 
For any micropropagation protocol, successful rooting of microshoots is a 
pre-requisite to facilitate their establishment in soil. In the present study, 
rooting experiment was carried out by both in vitro and ex vitro methods in M. 
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pruriens and 0. basilicum. In vitro regenerated shoots (> 4 cm) produced roots 
in M. pruriens when transferred to full and half strength MS basal medium. 
Relatively low salt concentrations in the medium are known to enhance rooting 
of microshoots (Murashige 1979). Half strength growth regulator free MS 
medium was found superior to full strength MS medium for root development. 
This is in accordance with the findings of Monier and Ochatt (1995), Mao et al. 
(1995), Singh and Sehgal (1999), Reddy et al. (2001), Martin (2003), Faisal and 
Anis (2003), Faisal et al. (2006a and d). The microshoots of O. basilicum failed to 
develop roots on growth regulator free MS medium. The presence of auxins 
(lAA, IBA or NAA) at lower concentrations facilitated better rhizogenesis. In M. 
pruriens, half strength MS medium amended with IBA (2.0 \xM) was found more 
effective for root induction than lAA and NAA after 4 weeks of culture. 
However, in 0. basilicum, maximum rooting frequency was achieved on MS 
medium supplemented with IBA (1.0 tiM) after 2 weeks of culture. The 
effectiveness of IBA in rooting has been reported in several medicinal plants like 
Ocimum americanum (Pattnaik and Chand 1996), Hemidesmus indicus 
(Sreekumar et al. 2000), Cunila galioides (Fracaro and Echeverrigaray 2001), 
Aloe polyphylla (Abrie and Van Staden 2001) and Ocimum basilicum (Siddique 
and Anis 2007b and c, 2008). The slow movement and slow degradation of IBA 
facilitate its localization near the site of application and thus its function 
appears to be better in inducing roots (Nickell 1982; Martin 2002). This is in 
contrast with the findings of Shahzad and Siddiqui (2000), Turker et al. (2001), 
Mandal and Gupta (2001), Casado et al. (2002), Sudhakaran and Sivasankari 
(2003), Siddique and Anis (2006) where NAA was effective for root formation. 
Higher concentration of auxin beyond the optimal level was not beneficial as it 
reduced rooting frequency and increased basal callusing. Reports on 
concentration dependent callus induction activity of auxin during root initiation 
in microcuttings are not uncommon (Zimmerman 1983; Demeke and Hughes 
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1990; Toussaint et al. 1992; Martin 2003; Hiregoudar et al. 2005). However, 
most of the roots differentiated from the calli did not have a vascular 
connection with the stem and establishment of the plants after hardening was 
poor. 
Rooting was also carried out by ex vitro method. In the present 
investigation, basal portion of regenerated shoots (3-4 cm) of M. pruriens and 
0. basilicum were dipped in different concentrations of IBA for half an hour and 
then planted in plastic pots containing sterile soilrite. In M. pruriens, IBA was 
effective at 200 piM whereas in 0. basilicum, maximum root formation was 
achieved at 150 |iM. The shoots resumed growth within 4 weeks following the 
transfer to soilrite. Ex vitro rooting was also found to be effective in Veronica 
(Stapfer et al. 1985), Camptotheca acuminata (Liu and Li 2001), Tylophora indica 
(Faisal et al. 2005b), Cassia angustifolia (Siddique and Anis 2007d), Vitex 
negundo (Ahmad and Anis 2007a) and Cyamopsis tetragonoloba (Ahmad and 
Anis 2007b). The growth rate of the plantlets was similar to that observed in 
plantlets transferred after in vitro rooting. Ex vitro rooting is a promising 
method in that it can reduce the micropropagation cost, labour and also the 
time of establishment from laboratory to soil. 
5.4. Acclimatization 
The successful acclimatization of micropropagated plants and their 
subsequent transfer to the field is a crucial step for commercial exploitation of 
in vitro technology. The commercial production of micropropagated plantlets is 
often limited by poor survival when plantlets are transferred to greenhouse. 
Controlled conditions induce structural and physiological changes in plants 
which render them unfit to survive when transferred directly to the field. Thus, 
a gradual acclimatization from laboratory to field condition is necessary. In the 
present study, the plants were gradually shifted from high humidity/low 
irradiance conditions to low humidity/high irradiance conditions, enabling them 
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to survive under adverse conditions. The rooted plantlets of both M. pruriens 
and 0. basilicum were successfully hardened off inside the growth room in 
selected planting substrate. The plantlets were covered with transparent 
polythene bags to maintain high humidity and also to prevent desiccation with 
the controlled temperature, photoperiod and irradiance. For the reduction of 
humidity, holes were made in polythene bags after few days of transplantation 
to harden the plantlets. 
The survival percentage of plants was also affected by planting substrate 
used. Among the three different types of planting substrates (garden soil, 
soilrite and vermiculite) examined, 100% and 95% survival rate was recorded in 
soilrite in M. pruriens and O. basilicum respectively. These results are consistent 
with the finding of Tiwari et al. (2001), Faisal et al. (2006 a, b and d), Siddique 
and Anis (2007a and b, 2008) where soilrite was found most effective planting 
substrate for plant survival. 
5.5. Synthetic seed 
Synthetic seed technology is a potential tool for a more efficient and cost 
effective rapid clonal propagation system. This technology has developed 
considerably in recent years for ex situ conservation of the germplasm of elite 
and endangered plant species (Gray et al. 1995; Maruyama et al. 1997; Mandal 
et al. 2000; Faisal et al. 2006c; Faisal and Anis 2007). In the present 
investigation, the potential of alginate-encapsulated nodal explants of O. 
basilicum for propagation as well as effect of cold storage on conversion 
frequency and number of shoots were evaluated. In vitro derived nodal 
segments were used for the encapsulation process. Encapsulation of in vitro 
derived nodal segment in calcium alginate has been reported in some 
herbaceous and woody plant species (Bapat et al. 1987; Sharma et al. 1994; 
Piccioni and Standard! 1995; Faisal et al. 2006c; Faisal and Anis 2007). This is in 
contrast to Mandal et al. (2000) where nodal segments taken from garden 
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grown O. basilicum plants were used for synthetic seed production. Sodium 
alginate, CaCl2..2H20 concentration and curing time are important parameters 
determining the permeability, resistance and hardiness of the resulting beads 
and subsequent success of the encapsulation method (Block 2003). 3% sodium 
alginate upon complexion with 75 mM CaCl2.2H20 with ion exchange duration 
of 20 min. produced firm, clear and uniform beads in 0. basilicum. This 
corroborates the findings of Mandal et al. (2000), Chand and Singh (2004a), 
Singh et al. (2006), Faisal and Anis (2007) where synseed formation is influenced 
by the concentration of gel matrix and complexing agent. Lower concentrations 
of sodium alginate and calcium chloride were not suitable because the beads 
were too soft to handle whilst at the higher concentrations, the beads were 
hard enough to cause considerable delay in shoot emergence. This agrees with 
the findings of Mathur et al. (1989), Ghosh and Sen (1994), Castillo et al. (1998), 
Pattnaik and Chand (2000), Faisal and Anis (2007). 
Maximum conversion frequency of synseed with maximum shoots and 
roots were achieved on half strength MS medium supplemented with BA (5.0 
HM) and lAA (0.5 piM) after 8 weeks. This is in accordance with the findings of 
Mathur et al. (1989), Sharma et al. (1994), Kavyashree et al. (2006) where shoot 
and root formation took place in the same medium. However, the roots were 
thin and not sufficient to handle. Efficient rooting was achieved by transferring 
the individual shoot to rooting media i.e. MS medium containing 1.0 |iM IBA. 
Similar results have also been reported by Mandal et al. (2000) in 0. basilicum 
and Faisal et al. (2006c) in Rauvolfia tetraphylla. 
A highly desirable feature of encapsulated nodal segment is their ability 
to retain viability in terms of sprouting and conversion potential even after a 
considerable period of storage, which is essential for their use in germplasm 
exchange or field application. In my experiment, the encapsulated beads stored 
at 4 °C for a period of 4 weeks resulted in maximum conversion frequency after 
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8 weeks of culture. Similar results of storage were also experienced by PiccionI 
et al. (1996) in apple root stock and Kavyashree et al. (2006) in mulberry plants. 
However, as storage period increased beyond 4 weeks, a decline in conversion 
frequency was recorded. The decline in conversion frequency observed in 
synseed stored for a period of 5-6 weeks may be due to inhibited respiration of 
plant tissues by alginate as described by Redenbaugh et al. (1984). This is in 
contrast to alginate encapsulated shoot tips of Cedrela odorata, Guazama 
crinfta and Jacaranda mimosaefolia where synseeds were stored for 6-12 
months at 12-25 °C without any marked loss of viability (Maruyama et al. 1997). 
5.6. Physiological and biochemical studies 
Results of the present investigation showed enhancement in chlorophyll 
(Chi) a and b content in M. pruriens plantlets during acclimatization period and 
it was reported to be maximum at 28 days of transplantation. Increase in 
chlorophyll content may be attributed to the induction of chlorophyll synthesis 
enzymes required for chlorophyll biosynthesis. Enhancement in chlorophyll 
content after ex vitro transfer was also found in Peach X almond rootstocks 
(Trillas et al. 1995), Oil palm (Rival et al. 1997) and Tobacco (Synkova 1997; 
Pospisilova et al. 1998) plants whereas 0. basilicum plantlets showed reduction 
in Chi a and Chi b content during initial days of acclimatization but increased on 
subsequent days of transplantation. Decrease in chlorophyll content during first 
week of transplantation was accompanied by poorly developed chloroplast and 
disorganized grana. Similar results have also been reported by Kadlecek et al. 
(1998), Pospisilova et al. (1999), Siddique and Anis (2008). 
Carotenoid plays an important role in protection of chlorophyll pigment 
under stress conditions (Kenneth et al. 2000) which might be generated during 
acclimatization, Carotenoid content was increased during acclimatization period 
in M. pruriens whereas in O. basilicum, reduction in carotenoid content was 
observed during early days but later showed an increasing trend. This might be 
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due to its role in the photoprotection of the photosynthetic system by 
dissipating excess excitation energy through the xanthophyll cycle (Demmig-
Adams and Adams 1992). 
The micropropagated M. pruriens and O. basilicum plantlets showed 
typical photo-mixotrophic characteristics as indicated by low level of net 
photosynthetic rate (PN) during first week of acclimatization. However, the in 
vitro produced leaves became photosynthetically competent as indicated by the 
changes observed during acclimatization period (7-28 days). Photosynthetically 
active in vitro leaves have also been observed in Spathiphyllum floribundum 
plantlets (Van Huylenbroeck et al. 1998). After one week, PN showed increasing 
trend and was found to be associated with the formation of new leaves (Diaz-
Perez et al. 1995; Fila et al. 1998; Pospisilova et al. 1998, 2000; Estrada Luna et 
al. 2001). 
Photoreduction of O2 in green plants is an unavoidable process that can 
results in superoxide anion (O2') production. Dismutation of O2' by superoxide 
dismutase results in the formation of oxygen and hydrogen peroxide (H2O2) and 
the latter can react with O2' to create the highly reactive hydroxyl radical (OH) 
via the Haber-Weiss cycle (Bowler et al. 1992). Different plant species 
accomplish protection towards stress through different biochemical adjus,tment 
but reactive oxygen species (ROS) scavenging is a common response to most 
stresses. To regulate the level of ROS, plant cells developed a complex system of 
enzymatic and non-enzymatic antioxidants. Superoxide dismutase (SOD) and 
catalase (CAT) are the key enzymes of the antioxidant defense system. SOD 
accelerates the conversion of superoxide to hydrogen peroxide (H2O2) while 
catalase catalyses H2O2 breakdown into H2O and O2. 
During the present investigation, in M. pruriens a significant increase in 
SOD activity was recorded upto 14*^  days of acclimatization. This enables the 
plants to protect themselves against the oxidative stress (Scalet et al. 1995), 
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after that slight decrease in SOD activity was observed. However, higher SOD 
activity was detected in O. basilicum during acclimatization period. Higher SOD 
activity was, therefore associated with better protection against stress induced 
oxidative injury. Increase activity of SOD during acclimatization resembles with 
the study of Van Huylenbroeck et al. (1998), Chai et al. (2005). 
Catalase activity increased during the acclimatization period in both M. 
pruriens and O. basilicum plantlets. The augmentation in catalase activity could 
be explained by a peroxisomal proliferation, where this enzyme is localized 
(Willekens et al. 1995). Positive changes in catalase activity have often been 
observed in relation to mild water stress (Smirnoff 1993; Zhang and Kirkham 
1994; Van Huylenbroeck et al. 1998, 2000; Chai et al. 2005). Thus, increment in 
SOD and catalase activity can be considered as the protective mechanism 
against the ROS possibly generated during acclimatization of both the species 
investigated. 
Steady and progressive genetic erosion has resulted in a marked 
decrease in plant diversity. Developing countries, particularly those in tropics, 
are still the repositories of vast phytodiversity in their agro-ecosystem and act 
directly or indirectly as reservoirs and suppliers of germplasm. Therefore, there 
is an urgent need to establish gene stocks which will provide recruiting ground 
for gene-hunters especially for those plants that run the risk of elimination by 
intensive deforestation. It is in this context, tissue culture approaches have 
proved to be vital in the re-establishment of many prized plant species. The 
present study is an approach for the development of protocols for their rapid 
propagation and conservation. The direct off shoot regeneration and 
proliferation is of considerable importance for rapidly cloning the desired 
genotype, whilst the indirect regeneration is important for creation of variants 
and crop improvement. 
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Chapter-6 
SUMMARY AND CONCLUSIONS 
India is one of the richest country for medicinal and aromatic plant 
genetic resources in the world. The genetic diversity of medicinal plants in the 
world is getting endangered due to ruinous harvesting practices and over 
harvesting for production of medicines. Conservation of genetic diversity in 
plant species used in traditional medicine and health care has become 
increasingly important both in terms of adding economic value for biological 
resources and creating an economic stake for future domestication and 
cultivation. Advanced biotechnological methods of culturing plant cells and 
tissues have provided new means for conserving and rapidly propagating 
valuable, rare and endangered medicinal plants. 
The objectives of the present study was to develop an efficient and rapid 
in vitro propagation protocols of two medicinally and aromatically important 
plants species viz., Mucuna pruriens and Ocimum basilicum using tissue culture 
techniques. Changes in photosynthetic parameters and antioxidative enzymes 
were also measured during the ex vitro acclimatization of micropropagated 
plantlets. 
6.1. Mucuna pruriens I. {DC.) 
Mucuna pruriens (Fabaceae) commonly known as velvet bean is an 
important tropical legume found in bushes and hedges at damp places, ravines 
and scrap jungles throughout the plain of India. All parts of M. pruriens possess 
valuable medicinal properties. Roots are useful to relieve constipation, dropsy, 
ulcers and fever. The report on the occurrence of the catecholic amino acid 3-
(3,4-dihydroxy phenyl)-l-alanine (L-Dopa) attracted attention for utilization of 
the plant for L-Dopa production. L-Dopa, a neurotransmitter precursor, has 
found wide application for symptomatic relief of Parkinson's disease and mental 
disorder. 
In nature, this species propagate only through seeds. However, 
propagation via seed poses problems due to high allergic properties of pods 
that cause uncontrolled itching while handling the seeds, and low germinability 
with poor viability. Thus, conventional propagation through seeds is not an 
adequate solution to meet the demand for this plant. Germination percentage 
was significantly enhanced (82.5%) under in vitro conditions on half strength MS 
basal medium. Addition of GA3 could not improve the germination percentage 
(Data not shown). 
Direct multiple shoot regeneration was achieved from cotyledonary node 
(CN) and nodal segment explants cultured on BA, Kin, TDZ and 2-iP either alone 
or in combination with auxins (lAA and NAA). CN and nodal explants were 
excised from 7 and 15 days old aseptic seedlings, respectively. Among the 
different concentration of cytokinins tested, BA (5.0 nM) showed the highest 
shoot regeneration frequency (81%) and number of shoots (8.5 ± 0.57) from 
nodal explants after 4 weeks of culture. Superiority of BA over other cytokinins 
was observed. Addition of NAA (0.5 pM) enhanced the shoot regeneration and 
MS medium supplemented with BA (5.0 |iM) and NAA (0.5 pM) produced the 
highest frequency of shoot regeneration (91%), highest number (16.8 ± 1.50) 
and longest shoots (5.3 ± 0.32 cm) from nodal explants. 
The effect of thidiazuron (TDZ) was also investigated on multiple shoot 
induction from both CN and nodal explants. The highest shoot regeneration 
frequency (77%) and number of shoots (5.7 ± 0.28) with 3.4 ± 0.43 cm shoot 
length was recorded on MS medium amended with 0.8 pM TDZ from nodal 
explants after 4 weeks of culture. However, the cultures grown continuously on 
TDZ containing media formed fasciated and distorted shoots. Therefore, the 
shoots induced from TDZ were subcultured on TDZ free MS medium. The 
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number of shoots and shoot length increased after every subculture passage 
and showed no sign of decline even after fifth passage. 
Nodal explants were also cultured on liquid MS medium containing TDZ 
at higher concentrations for different durations followed by their transfer to 
semi solid MS basal medium. The optimal level of TDZ supplementation to the 
culture medium was 50 piM for 8 days induction period followed by their 
transfer to MS semisolid medium devoid of TDZ where maximum regeneration 
frequency (80%), number of shoots (12.0 ± 1.76) and shoot length (4.6 ± 0.43 
cm) per explant was recorded. 
The effect of different basal medium (MS, )4MS; B5, VzBs; L2 and KL2) and 
different pH levels (4.5, 5.0, 5.4, 5.8, 6.2 and 6.5) was also examined with 
optimal concentration of BA (5.0 piM) and NAA (0.5 nM). The half strength MS 
medium and 5.8 pH was found to be most suitable for maximum shoot 
induction and proliferation as it produced 23.3 ± 1.50 shoots per explant with 
maximum shoot length of 6.2 ± 0.37 cm from nodal explants after 8 weeks of 
culture. 
The in vitro regenerated shoots produced roots when transferred to full, 
half and half strength MS medium supplemented with different concentrations 
of lAA, IBA and NAA. The best condition for rooting was half strength MS 
medium supplemented with 2.0 piM IBA. Rooting was also carried out by ex vitro 
method. The best results for rooting was recorded when shoots were dipped in 
IBA (200 |iM) as it gave the maximum frequency of rooting (84%), number of 
roots (5.4 ± 0.51) and root length (4.6 ± 0.40 cm) after 4 weeks of 
transplantation. The in vitro raised plantlets with well developed shoots and 
roots were successfully acclimatized in plastic pots filled with sterile soilrite with 
100% survival rate and about 90% plantlets survived in greenhouse. 
Changes in photosynthetic parameters viz., chlorophyll a, b, carotenoid 
and net photosynthetic rate and antioxidative enzymes i.e. superoxide 
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dismutase (SOD) and catalase were evaluated at 0 (control), 7, 14, 21 and 28 
days of acclimatization. Content of Chi a and b showed an increasing trend 
whereas carotenoid and net photosynthetic rate were first decreased and 
subsequently increased thereafter. SOD activity was increased significantly at 
day 7 over control plantlets and thereafter showed a decreasing trend whereas 
catalase activity increased during the whole experiment compared to control 
plants. 
6.2. Ocimum basilicum L. 
Ocimum basilicum (Lamiaceae) commonly known as sweet basil is an 
evergreen multipurpose herb. In tropical countries, it is often cultivated in 
homestead gardens and as a pot plant in many countries. It contains volatile oil 
with eugenol, methyl eugenol, cervacrol and caryophyllin. Dried leaves of basil 
are used to flavour stew, sauces, salads, soups, meat and tea. Ocimum is used 
as stomachic, antihelminthic, antipyretic, diaphoretic, expectorant, carminative, 
stimulant and pectoral. It is also used in the bronchitis, hiccough and diseases of 
heart and brain. The conventional method for propagation is via seeds. 
However, poor germination potential restricts its multiplication and seedling 
progeny show variability as a result of cross pollinated nature of plant. 
Direct multiple shoot regeneration was achieved from nodal and shoot 
tip explants excised from 2 year old mature plants. Among the cytokinins (BA, 
TDZ, Kin and 2-iP) tested as supplements to MS medium, 5.0 jiM BA was 
optimum in inducing bud break in both nodal and shoot tip explants. The 
highest rate of shoot multiplication (16.4 ± 1.47) was achieved on MS medium 
supplemented with reduced concentration of BA (2.5 nM) and lAA (0.5 |iM) 
from nodal segments after 8 weeks of culture. 
The shoots regenerated from TDZ supplemented medium when 
subcultured to TDZ free MS medium considerably increased the number of 
shoots and shoot length by the end of third subculture. Pretreatment of nodal 
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segment and shoot tip explants to higher concentration of TDZ for different 
duration was found beneficial and a maximum of 14.8 ± 1.24 shoots with 5.3 ± 
0.32 cm shoot length was recorded on MS medium supplemented with 50 nM 
TDZ for 8 days followed by their transfer to MS basal medium for 8 weeks. 
The effect of different basal media (MS, )4MS; B5, JiBs; L2 and 34L2) and pH 
levels (4.5, 5.0, 5.4, 5.8, 6.2 and 6.5) was also evaluated with optimal 
concentration of BA (2.5 nM) + lAA (0.5 piM) for highest shoot proliferation and 
elongation. The maximum shoot multiplication and shoot length was achieved 
in half strength MS medium at pH 5.8. 
Efficient in vitro rooting was achieved on MS medium supplemented with 
1.0 piM IBA than in lAA or NAA. To reduce the regeneration cost and time, 
rooting ex vitro was also carried out by dipping the basal portion of in vitro 
regenerated shoots in IBA (50-300 |iM) for half an hour and subsequently 
planted in plastic pots containing sterile soilrite. The best results for rooting was 
recorded when shoots were dipped in IBA (150 nM) after 4 weeks of 
transplantation. In vitro and ex vitro rooted plantlets were successfully 
hardened off inside the growth room in soilrite with 95% survival rate followed 
by their transfer to greenhouse where all exhibited normal development. 
Syn-seeds of O. basilicum were developed by encapsulation of nodal 
segments excised from in vitro cultures to calcium alginate hydrogel. The 
presence of 3% sodium alginate and 75 mM CaCl2.2H20 were found most 
suitable for synthetic seed production. Half strength MS medium supplemented 
with BA (5.0 nM) and lAA (0.5 \xM) gave the maximum frequency (80%) of 
conversion of encapsulated nodal segments into plantlets with maximum of 7.9 
± 0.54 shoots after 8 weeks. However, roots were very thin and difficult to 
handle. Encapsulated nodal segments demonstrated successful regeneration 
after different period (1-6 weeks) of cold storage at 4 °C. The synthetic seeds 
stored at 4 °C for a period of 4 weeks resulted in maximum conversion 
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frequency (90%) after 8 weeks when placed back to regeneration medium. The 
isolated shoots when cultured on MS medium supplemented with 1.0 piM IBA, 
produced healthy roots and plantlets with well developed shoot and roots were 
successfully hardened off in plastic pots containing sterile soilrite inside the 
growth chamber and gradually transferred to greenhouse where they grew well. 
Physiological parameters i.e. Chi a, b, carotenoid and net photosynthetic 
rate were measured in leaves during ex vitro acclimatization at 0, 7, 14, 21 and 
28 days. During initial days, these parameters showed a decreasing trend but 
subsequently increased after 7 days of acclimatization. However, activities of 
antioxidative enzymes i.e. SOD and catalase were significantly increased and 
reached maximum at 28 days of acclimatization. 
The findings of my investigation lead to the following conclusions; 
1. Seeds of M. pruriens germinated well on MS basal medium but half strength MS 
medium proved effective for maximum germination. 
2. Direct multiple shoot formation in M. pruriens was achieved from cotyledonary 
node and nodal segment explants using cytokinins (BA, Kin, 2-iP and TDZ) either 
alone or in combination with auxins (lAA and NAA). 
3. Maximum frequency of shoot regeneration was obtained on half strength MS 
medium supplemented with BA (5.0 piM) and NAA (0.5 nM) at pH 5.8 from 
nodal segment. 
4. Half strength MS medium supplemented with IBA (2.0 |iM) showed best 
rhizogenesis in M. pruriens. 
5. Direct shoot regeneration in O. basilicum was achieved through mature explants 
(nodal and shoot tip) using cytokinins singly or in combination with auxins. 
6. Maximum shoot multiplication was recorded in O. basilicum on half strength MS 
medium supplemented with BA (2.5 ^M) + lAA (0.5 jiM) from nodal explants at 
pH 5.8. 
7. Nodal explants of both M. pruriens and O. basilicum pretreated with 50 piM TDZ 
for 8 days followed by their transfer to MS basal medium devoid of TDZ was 
found effective for multiple shoot induction. 
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8. Rooting was best induced in 0. basilicum on MS medium amended with 1.0 ^M 
IBA. 
9. The in vitro regenerated plantlets of M. pruriens and O. basilicum were 
successfully hardened off in soilrite followed by their transfer to garden soil 
under full sun. 
10. Encapsulated nodal segments of 0. basilicum showed maximum conversion 
frequency on half strength MS medium containing BA (5.0 jiM) + lAA (0.5 iiM) 
and retain their viability even after 4 weeks of storage at 4 "C. 
11. Changes in photosynthetic pigments and antioxidative enzymes in both M. 
pruriens and 0. basilicum indicated the adaptation of micropropagated plants to 
ex vitro conditions. 
To conclude, I could achieve success in developing an efficient, replicable 
and complete micropropagation protocols for in vitro regeneration of two 
valuable medicinal plants, M. pruriens and O. basilicum. Changes observed in 
physiological and biochemical parameters during acclimatization has helped to 
understand better adaptation process of micropropagated plants to ex vitro 
conditions. The protocols developed could provide a rapid technique for mass 
propagation and multiplication of these two potential medicinal plants and can 
further be used in crop improvement using genetic transformation technology. 
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